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ABSTRACT 
The purification and biophysical properties of a porcine 
parvovirus (PPV) propagated in a cell line were 
investigated. 

PPV replication, as detected by the production of 
cytopathic effects and viral hemagglutinin, occured only in 
porcine cells. Electron microscopic examination of 
PPV-infected swine testicle (ST) cells revealed large 
numbers of full and empty viral particles as well as 
amorphous aggregates of soluble viral components in the 
nucleus. 

Viral infectivity could be reliably and objectively 
titrated by the TCID50 and plaque assay methods. A one step 
growth curve of PPV in ST cells indicated a latent period of 
12-16 h. Maximum infectivity occured at 72 h post-infection, 
coinciding with the presence of obvious cytopathic effect. 
90% of the viral infectivity remained associated with the 
lysed cellular debris. 

A purification procedure involving the gentle lysis of 
infected cells in the presence of dilute alkaline buffer, 
clarification of the extract by centrifugation, 
precipitation of virus in 25 mM Ca** and finally 
sedimentation to equilibrium in a sucrose-CsCl step gradient 
was developed for this study. The purification procedure 
recovered only 20% of the total viral hemagglutinin and 10% 
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The virus present in such gradients demonstrated a 
broad range of particle densities, with the largest 
quantities of virus, as judged by hemagglutinin titration, 
most frequently occuring at a buoyant density of 1.40 gm/mL. 

Soluble viral components, prepared by sucrose-CsC] 
centrifugation, were associated with high hemagglutinating 
activity. Analysis of the soluble component material by 
immunoelectrophoretic methods indicated the presence of two 
antigens with differing electrophoretic mobilities but 
sharing a common antigenic determinant. 

SDS-PAGE analysis of PPV purified in this study 
revealed three polypeptides with molecular weights of 
87,000, 69,000 and 66,000. 

Analysis of isolated virion nucleic acid by thermal 
denaturation, electron microscopy and acridine orange 
staining indicated a single-stranded configuration. The 
isolated nucleic acid was resistant to RNAse treatment. 
Electron microscopic and electrophoretic techniques 
indicated the presence of a wide range of DNA size classes 
with a maximum size of 1.05 - 1.7 x 10® daltons. 

Serological studies determined that 76% of market age 
swine in the Edmonton area had been previously infected with 


PPV: 


vi 


2 vin % ee 
LZ & ry . = ve 


ai ne ae 
sesepal adit ate ewhse 
jporretrts ‘nid it ies xa © ete ee 


oe ee yf ene. seal a te ae xf fn 
. Ee?” Seoraua Po) asia _ at reangegnos havhy ota 
gr saint isbgadanall Apfn fh ti bss /noaee atew sreit regatta 
vam 1st Thatiognoo si cular ot fo zieylans ved ti 
ou Ia sonseato aft? betsorbrr aborttsin atissorgert oe! | 
7 jud asi ttf iden ausdrailo neat pak sti ib et3 hw anegt 
Fight atregrings nemna a arti 


ee oe 


- 
7 a oo 


ohiy 


pies 2tni at ‘petting (am 75 atay! ans JoRt-202 
io ginorsw nb 1yasT. om ota tw 23h? ‘tosquten eeu? at gana ay | 
00043 bre 050,60 000.58" : 


: : > 
{amagatf va bis: ats Surt net tiv beisiogr’ th atayt eri 3 


i cdi anépfnos brits YqeeObin Apaigsis Jot benut ce 

sia MGS 5 iver #niG2 ‘babnant<-sfpate ¢ befectbri pnintsie 

| toamgseds acwin’ ot irintaigen” pew BTg atelcuw netatost ? 

, nue iad? ans ionaondals bre Sr ageibanote rontoetll 
eots1> ese 4H to \snts 7 allt w i V9 quieasiey em peleston - 


ae nt ae nor e - om, 1 Yo oske qumitxem 
90 fea We SRY TSe7, bsnimsiieg asibuse coe 
“At jw badaeve et uote riesc Bae sors nected babi ‘a 


af 


Hard work may have bitter roots, 


But its fruits are sweet. 
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I. INTRODUCTION 
The family Parvoviridae was not sufficiently characterized 
to justify its classification by the International Committee 
on Nomenclature of Viruses until 1973 (Bachman et al, 1975), 
although the viral etiology of certain parvoviral diseases 
has been evident for at least half a century (Verge and 
Cristoforoni, 1928). The term parvovirus (Latin, small) 
proposed by Lwoff and Tournier in 1966 was chosen over Mayor 
and Melnick’s (1966) more descriptive, but unpalatable, 
picodnavirus (Italian, small; deoxyribonucleic acid) to 
designate an extremely uniform, unique genus of pathogenic 
viruses of vertebrates within this family. 

During the early 1960's, numerous viruses were 
tentatively placed in this group (Table 1). The Kilham rat 
virus was the best studied member during the early years, 
and the criteria for the classification of parvoviruses are 
now based on this type species. 

Viruses of the family Parvoviridae are small (18-26 nm 
diameter), non-enveloped, isometric viruses with icosahedral 
symmetry that replicate in the nucleus of infected cells. 
Virions contain single-stranded linear deoxyribonucleic acid 
(DNA) of approximately 1.5-2.2 million daltons (Bachman et 
al, 1979). The genus Parvovirus is differentiated from the 
other two genera of the family by its distinctive mode of 
replication, which unlike the adeno-associated viruses 
(AAV’s) does not require a helper virus and unlike both the 


AAV's and Densoviruses results in almost exclusive 
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Table 1 


Chonology of Discovery of Parvoviruses 


Virus 


Mink Enteritis Virus 

Rat Virus (C) 

H-1 Virus (C) 

H-3 Virus 

Bovine Parvovirus (C) 

L-S Virus 

X14 Virus 

HT Virus 

HB Virus 

Feline Pamleukopenia Virus (C) 

Minute Virus of Mice (C) 

Porcine Parvovirus (C) 

Hemorrhagic Encephalopathy 
of Rats Virus 

Goose Hepatitis Virus (C) 

Minute Virus of Canines 

Kirk Virus 

KBSH Virus (C) 

TVX Virus (C) 

Lu III Virus (C) 

RT Virus (C) 

Norwalk Agent 

Aleutian Disease Virus of Mink 

Lapine Parvovirus 


Modified from Rose (1974) 


Reference 


Wills (71952) 

Kilham and Oliver (1959) 
Toolan et al (1960) 
Dalidorf (1960) 

Abianti and Warfield (1961) 
Lum and Schreiner (1963) 
Payne et al (1963) 
Toolan( 1964) 

Toolan (1964) 

Johnson (1965) 

Crawford (1966) 

Mayr and Mahnel (1966) 


El Dadah et al (1967) 
Derzsy (1967) 


Binn et al (1968) 
Boggs et al (1970) 
Hallauer et al (19771) 
Hallauer et al (1971) 
Hallauer et al (1971) 
Hallauer et ai (1971) 
Dolin et al (1972) 


Porter and Larsen (i¢ 
Matsunaga et ai (1977 


(C} classification confirmed by the Study Group on Parvoviridae, 


Co-ordinating Subcommittee, 


International Committee on 


Taxonomy of Viruses (Bachman et al, 1979) 
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encapsidation of only the minus strand of DNA. 

The first report of a virus isolate of porcine origin 
with characteristics of the parvovirus genus was published 
in 1966 by Mayr and Mahnel following an attempt to isolate 
the then poorly characterized virus of hog cholera. These 
researchers had found a non-enveloped, hexagonal virion of 
20-22 nm diameter in infected porcine tissue culture. 
Cartwright et al (1967) reported isolation in 96 of 111 
cases of porcine reproductive failure of small serologically 
identical, hemagglutinating viruses, which on further study 
(Cartwright et al, 1969; Cartwright et al, 1971) showed 
similar properties and serological reactivities to the 
earlier German isolate. After a series of similar reports 
from various sources in Europe (Huygelen and Peetermans, 
1967; Darbyshire and Roberts, 1968; Mayr et al, 1968; 
Johnson, 1969; Johnson and Collings, 1969; Bachman, 1970; 
Johnson and Collings, 1971), isolations were recorded from 
Asia (Morimoto et al, 1972a), North America (Mengeling, 
hie A HOeA tr ICamur tn ism loro n. el tmwasenot Untilei977, that 
porcine parvovirus (PPV) was reported in Canada (Dulac et 
elites H/T. 

Tome i Hallauer et al published the results of a ten 
year investigation into the significance of parvoviruses as 
contaminants of various cell lines of human and non-human 
origin. They detected contamination in 27 of 41 cell lines 
examined by a parvovirus serologically related to porcine 


parvovirus. This group postulated that contamination arose 
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from use of porcine pancreatic trypsin, that is filtered but 
not autoclaved prior to use. In support of this hypothesis, 
Croghan et al (1973) reported the successful recovery of PPV 
from a batch of commercially prepared trypsin. 

Porcine parvovirus has been isolated from swine 
suffering from a wide range of clinical disease states 
including rhinitis (Mengeling, 1972), lower respiratory 
infections (Darbyshire and Roberts, 1968), myoclonia, 
harelip, splay-leg, atrophy of intestinal mucosa (Johnson 
and Collings, 1971), mummification (Mengeling, 1975), 
infertility, abortions, stillbirth, neonatal deaths 
(Cartwright et al, 1971) as well as apparently healthy 
piglets (Dulac et al, 1977). However, it is only with 
viral-induced reproductive failure, the so-called SMEDI 
syndrome (stillbirth, mummification, embryonic death, 
infertility) that PPV is routinely and reproducibly 
associated at present. 

The role of PPV in the SMEDI syndrome has been verified 
both by field study of naturally occurring infections and 
studies of artificially induced infections. Apart from the 
multiple reports of PPV isolation cited previously from 
mummified or stillborn fetuses, the most incriminating 
reports of reproductive failure following natural 
transmission of PPV have been contibuted by Donaldson-Wood 
et al (1977) and Rodeffer et al (1975). Donaldson-Wood et al 
found that a herd of PPV seronegative swine being regularly 


monitored for evidence of PPV infection suddenly had four 


rnin nl’. ja vind | 
se5q0a ott vataoge, (ever) ie os srigney’ 


had wr : 
. ii be sasity Vi (phe sanenes to Aipred Led 
: ig ou oil vias 7m 


es 7 aid wont bétafoei Caled! SaRW BUTE VON GS SEES ee ; 
aoe sotet® perry jadtati> Ye ayes sbiw « nO gni native” 
on ve ‘ 7 ' a9. Ae “4 — andl 


Poe . “qatar gas* qgwof -'S°S? grt spore ett ientels ptt, 
v 7 tie Soe | 5 
on ; "Bin Foam SRG “etredor ons ST reves l) 2 wi toe tA 
' 4 ' las F ‘ > . 7 
> 5 ee . as i + gb 7 ye a _ ol es ‘ > 
; agerdol) seoauin Ietilraiyt to vom. |. valaa sqris ail 
bs P 7 4 ( are ! : oie enrieih) feat } = 3 4 ty) i, Tf 
; q arty get i? < rar) agaha’ Tr <= e * ' ~~ ) 
: . 4 
3} 
id *~ 
— (titesat yitrexequs es i few es ; t fs 
® hs - eo | ia f 4 
a tw Nin , ; af 1a'/Lw4 j 
ay bo = 1 5 
1 oe | [ONE Bebtliea-oe sit .aqulted svi icuro ws? | eau 
a . - $ a 
ye? ‘dieses sidevedas |, morisst? tein. i? ea) ae 
f rz i y fs j , = 
e 4 a = * : : 7 ; ; ; 
| Nidiegiis sds: bre vientiuet af Ys Fei 
- . " | 
| _. vedanta ® 
‘ ' 7 ; 7 of oS 
¥ uaavtnielnd ain” ; ‘ead orci" OaKh2 act ove vo 1 det aePpes 
_ - hm fi é , 7 : r, 


a : ete Srp oer |G irr’ + hh bere be Be wder io vf ite tet d 
a Te aT 7 y at if : . . | -T . 
— cig nant ag anc? $2 we ant Viisict? ize Fo ai by 
Pe a ; r ; . 
a "et eldup iss: ~ PS porsateeh-<V49 do 27 mise ee ” 


on tanta ton +uom: SA) sedeytal mod hite sy ‘eye tole 


i. ~ Nie 
oe Taeralen WOES 2 ul ie svi toubo 144 ie at KIS 
2 Py ? q A) , m ¥ —s 

Setaryune ere Wij adel sf lee Abed avéE 2 yvqq +e o>) ae sn 

erin) . ie 


bi * i a rant prod FANBNEL le 3 SH taboF Gin 
; : a | 
* teenies pons! ante #2) Sv.) Taggnoisa VES iy) 


o> a 


7 ‘© 7 * 
: ; 


aie ae rire 
ee 


animals seroconvert. Within two months all mature swine on 
the premises had become seropositive. Two weeks later an 
outbreak of fetal mummification, stillbirth, low litter size 
and neonatal deaths began and continued for five weeks. Six 
of fifteen pregnant sows produced mummified fetuses, with 
virus isolation being successful in several cases. Rodeffer 
et al (1975) noted similar findings when seronegative sows 
were exposed to seropositive boars. In addition they noted 
that reproductive performance was again adequate with 
subsequent litters. 

Numerous reports have been published concerning 
attempts to experimentally produce PPV-induced reproductive 
failure (Johnson and Collings,1969; Johnson and Collings, 
1971; Cartwright et al, 1971; Redman et al, 1974; Bachman et 
al, 1975; Cutlip and Mengeling, 1975a; Cutlip and Mengeling, 
1975b; Mengeling and Cutlip, 1975; Joo et al. 1976c; Hogg et 
al, 1977; Mengeling, 1979; Mengeling et al, 1979). The 
consensus from these reports indicates that infection during 
the early part of the second third of gestation is most 
likely to result in fetal death and mummification. Infection 
early in the third part of gestation may produce death with 
antibody formation. In the middle of the third part of 
gestation the fetus’ immune system may be sufficiently 
developed to prevent death but virus and antibody can often 
bemisolarediat bimth. 2 inethe? last pantsof the final* third of 
gestation fetuses generally do not show evidence of 


infection and anti-PPV antibodies are not detected. In the 
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first third of gestation infection can lead to fetal death 
with resorption of fetal tissues but retension of corpora 
lutea, resulting in low litter size or pseudopregnancy. 
Alternatively, fetuses may show no evidence of infection but 
continue on to term in a state of tolerance for long periods 
of time and excrete virus for several months. The ability of 
virus to spread from one infected fetus to a non-infected 
fetus has been observed to be quite variable. In some cases 
virus spreads readily and induces death, in others 
antibodies and/or virus can be isolated and in still others 
no spread whatsoever has been detected. The presence of a 
non-antibody anti-parvovirus glycoprotein substance has been 
isolated from human placenta (Usategui-Gomez, 1965) but such 
substances have not been reported in porcine placentas. 
Comparison of all strains of PPV examined to date has 
proven these strains to be serologically identical on the 
basis of hemagglutination-inhibition (HI), serum 
neutralization (SN) and modified direct complement fixation 
(MDCF) tests (Cartwright et al, 1969; Johnson, 1973; 
Ruckerbauer et al, 1978). Comparison of parvoviruses from 
various species by serological methods has indicated that 
distineiesubgroupssexisti(Hallauercet aly 19/daudooseti al, 
1976d). The only virus to show any cross-reaction with PPV 
by HI and SN tests is the KBSH virus. Although these two 
viruses exhibit some apparent relationship, the distinct 
differences in their range of host cell susceptibilities 


indicate a significant difference (Cartwright et al, 1969; 
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Hallauer et al, 1971). Serological studies using highly 
purified viral antigens and antiserum produced in response 
to such antigens have not been described for PPV and the 
results of the above studies might be questionable. 

PPV has been most frequently and successfully 
propagated in primary fetal pig kidney (PPK) cell cultures 
(Mayr et al, 1968; Cartwright et al, 1969; Mengeling, 1972; 
Johnson, 1973). Although some researchers have successfully 
grown PPV in cell lines (Mayr et al, 1968; Bachman, 1972), 
this method has only been used for determination of relative 
hemagglutinin and infectivity production with respect to 
time. All reported attempts to propagate PPV in cells of 
non-porcine origin have been unsuccessful (Cartwright et al, 
1969; Mayr et al, 1968). The trophic requirement of 
parvoviruses in general for actively dividing cells (Rose, 
1974) has been similarly demonstrated for PPV (Cartwright et 
al, 1969; Bachman 1972). Attempts to isolate PPV on 
confluent monolayers of PPK cells has proven unsuccessful 
when oral dosing of the same material to gnotobiotic pigs 
has resulted in consistent seroconversion (Redman et al, 
1974). The production of cytopathic effect (CPE) as a result 
of successful infection in tissue culture is reported to 
occur only under optimal conditions with high virus 
challenge (Joo and Johnson, 1976). 

A chronological study of PPV growth in a pig Kidney 
(PK15) cell line (Mayr et al, 1968) demonstrated viral 


hemagglutinin as early as 6 hours (h) post-infection (P1) 
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with a peak to a plateau at 72 h. Infectivity was first 
detected at 15 °h and did not peak until 96h. A later study 
of PPV growth in the swine Kidney (SK) cell line (Bachman, 
1972) showed similar onsets for hemagglutination (HA) 
activity and infectivity but both peaked quite rapidly at 24 
h after infection. This work also demonstrated that viral 
replication was suppressed at 40 degrees centigrade (°C) and 
that replication was highly associated with the mitotic 
index of the monolayer. A study of PPV replication in 
peripheral blood lymphocytes, monocytes and peritoneal 
macrophages revealed a growth curve similar to that 
demonstrated by Mayr et al (1968) in mitogen stimulated 
lymphocytes but not in unstimulated lymphocytes or monocytes 
or macrophages, as assessed by HA production and fluorescent 
antibody staining of cells (Paul et al, 1979). 

An attempt to purify PPV has only been reported in two 
publications (Mayr et al, 1968; Morimoto et al, 1972b). Mayr 
et al used repeated freeze-thawing of infected cultures to 
release cell-bound virus. After centrifugation to remove 
cellular debris, the supernatant was concentrated tenfold by 
vacuum evaporation and the virus was then pelleted by 
ultracentrifugation. The pellet was resuspended and 
sedimented through a CsCl step gradient for 14-16 h. No 
assessment of the degree of purity was attempted other than 
electron microscopic (EM) observation. Morimoto et al 
similarly relied on isopycnic CsCl] centrifugation of 


infected cell lysates to achieve purity and did not report 
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any assessment of the degree of purity achieved. 

A wide range of techniques have been reported for 
purification of various parvoviruses, with that described by 
Tattersall et al (1976) being most frequently employed in 
the more recent literature. Freeze-thawing, detergent 
treatment, sonication and mechanical homogenization have all 
been described as initial steps to disrupt infected cells 
(Bloom et al, 1980; Rhode, 1973; Richards et al, 1977; 
Tattersall et al, 1976). Disruption of virion bonds to 
cellular material as a subsequent step has been accomplished 
by the use of dilute alkaline buffer, freon extraction and 
enzyme treatment (Siegl et al, 1971; Tattersall, 1972; 
Bourgignon et al, 1976). Separation of dissociated virions 
and cellular remnants has been reported by sucrose 
sedimentation, CsCl isopycnic centrifugation, or 
sedimentation to equilibrium in a combined sucrose and CsCl 
step gradient (Richards et al, 1977; Salzman and Koczot, 
1978; Patton et al, 1979). 

The buoyant density for PPV at equilibrium in CsCl 
gradients is reported to be 1.38 grams per millilitre 
(gm/mL) (Mayr et al, 1968; Morimoto et al, 1972b). Virions 
have been observed with densities as high as 1.44 gm/mL 
(Mayr et al, 1968), and empty appearing particles with a 
density of 1.30 gm/mL have also been observed (Morimoto et 
al, 1972b). No attempt has been made to classify these 
various density classes of particles by polypeptide or 


nucleic acid content. The value of 1.38 gm/mL is somewhat 
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below the more commonly reported range of 1.40-1.42 gm/mL 
for parvoviruses in general (Bachman et al, 1979). Studies 
on other parvoviruses have revealed three basic particle 
Oensiuyeclassesistempty particles pm bandingtat 1-30-1232 
gm/m1; light full particles, banding at 1.40-1.42 gm/m1; and 
heavy full particles, banding at 1.42-1.44 gm/mL 
(Tattersall, 1978a). In addition, a very heterogeneous 
population of particles with less than a complete genome 
banding between 1.32 and 1.38 gm/mL has also been 
demonstrated (Bourgignon et al, 1976; Faust and Ward, 1979). 
In common with findings for other parvoviruses, PPV has. 
been repeatedly demonstrated to be resistant to inactivation 
by a wide range of pH, temperature, lipid solvents and 
trypsin. Studies by Cartwright et al (1969) showed that 
treatment with ethyl ether for 18 h at 4°C or pH 3.0 for 3h 
at 37°C resulted in no significant loss of HA titre or 
infectivity compared to a control. Also, this same group 
demonstrated that virus held at -20°C or -70°C for six 
months had little or no decrease in HA titre and that virus 
heLGaaumnOmentonmoahe 5606 efor 48h andes /sCafomar daysa(d) 
was still infective. However, infectivity was lost after 5 
minutes (min) at 80°C. Work by Morimoto et al (1972b) 
confirmed the above and in addition indicated that PPV was 
resistant to treatment with chloroform, sodium deoxycholate 
and trypsin. Mayr et al (1968) also reported similar 
findings but noted that incubation at pH 2 for 90 min at 


37°C completely destroyed infectivity. Mengeling (1972) as 
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well, in similar studies, confirmed the extreme stability of 
this virus. 

Hemagglutination is a consistent property of 
parvoviruses, with the range of species whose erythrocytes 
are susceptible to agglutination being characteristic of the 
species of parvovirus (Bachman et al, 1979). The spectrum of 
erythrocytes that can be agglutinated by PPV has been 
investigated in numerous studies (Huygelen and Peetermans, 
1967; Mayr et al, 1968; Cartwright et al, 1969; Morimoto et 
al, 1972b; Mengeling, 1972; Johnson, 1973; Joo et al, 
1976b). No contradictions in this spectrum have been 
reported for any of the various strains studied, although 
minor differences in the relative titres produced with 
different erythrocytes have been noted (Joo and Johnson, 
1976). PPV has been shown to agglutinate erythrocytes from 
man (type 0), guinea pig, monkey, rat, mouse, chicken, and 
cat but not horse, pig, sheep, cattle, goat, or duck. The 
previously cited studies have all concluded that optimal 
results are obtained with guinea pig erythrocytes at 
physiological pH, 4°C for 2 to 18 h. Hemagglutination by 
subviral components has not been reported, as it has for 
certain other hemagglutinating viruses (Norrby, 1966). 

Purified parvoviruses have been shown to produce a 
consistent and characteristic polypeptide pattern when 
virion protein is disrupted and analysed by sodium dodecy|] 
sulphate (SDS) polyacrylamide gel electrophoresis 


(Tattersal, 1978a). However, the polypeptide structure of 
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PPV has not yet been described. Polypeptide A (Tattersal et 
al, 1976), the largest of the three regularly reported 
polypeptides, has been variously reported as having a 
molecular weight of 72-92,000 for different parvovirus 
species and to consistently comprise 15-18% of all virion 
classes. Polypeptide B, the predominant polypeptide in empty 
and heavy full particles has been shown to have a molecular 
weight ranging from 64-77,000. Polypeptide C is the 
predominant polypeptide in light full particles. This 
polypeptide is believed to be derived from a 
post-translational enzymatic cleavage of the B polypeptide 
of full heavy particles (Figure 1) (Clinton and Hayashi, 
1976). The molecular weight of polypeptide C is reported to 
be 61-69,000. In some parvoviral systems a fourth 
polypeptide is described with molecular weight 40-56,000. 
Whether this D polypeptide is a further cleavage product or 
a cellular contaminant has not adequately been assessed. 
However it has been determined that its presence is not 
required for infectivity (Tattersall et al, 1976). 

Although it is generally agreed that the structural 
protein of parvoviruses has no DNA polymerase activity, the 
matter is still open for debate and it is thought that it 
may play some important role in nucleotide chain elongation 
or DNA packaging (Berns and Hauswirth, 1978). Salzman and 
Koczot (1978) demonstrated that when purified Kilham rat 
virus (KRV) was disrupted at pH 12.2 for 5 min and then 


sedimented through an alkaline sucrose gradient pH 10, DNA 
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Figure 1 


Proposed Maturation Scheme for Parvovirus Complete 


Virions 


A, B and C denote the three viral polypeptides. Suffixes 
denote the postulated B-C cleavage-resistant (e) or 
cleavage-sensitive (f) conformations of the particle. 
Empty, heavy full and light full describe virion 
classes. 


(Adapted from Tattersall, 1978a). 
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polymerase activity was associated with a radioactively 
labelled fragment sedimenting at 8 to 10 S. If the virus was 
sedimented through a gradient at pH 12.2 the activity was 
lost. Rhode (1973) was unable to demonstrate polymerase 
activity associated with the parvovirus H-1 or KRV. Bates et 
al (1978) have shown that viral DNA replication closely 
parallels increases in cellular alpha polymerase levels. 
Bates et al have also shown that polymerase is only 
associated with virus purified by the less extensive 
procedure of Salzman and Jori (1970) and not with virus 
purified by the more complex procedure of Tattersall et al 
(1976). Virions purified by the Tattersall procedure are 
completely infectious and therefore Bates et al have 
concluded that the polymerase activity demonstrated is, in 
fact, due to a contaminating cellular polymerase. 

The nature of the nucleic acid of PPV has been 
insufficiently studied (at the present time) to conclusively 
justify its classification as a parvovirus as established by 
Bachman et al (1979). Identification of the nucleic acid 
type by the use of a halogenated thymidine analog or 
actinomycin D acting as Known inhibitors of DNA replication 
has in most cases indicated a DNA genome (Mayr et al, 1968; 
Cartwright et al, 1969; Mengeling, 1972; Morimoto et al, 
1972b) but not unambiguously (Huygelen and Peetermans, 

1967). The results of feulgen staining of PPV infected cells 
has also indicated a DNA genome (Cartwright et al, 1969). 


The DNA of most currently accepted parvoviruses has 
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been shown to be a single-stranded linear molecule with 
non-identical hairpin termini by a variety of 
physico-chemical methods, enzymatic treatments and electron 
microscopy (Berns and Hauswirth, 1978). The DNA of KBSH, the 
only virus demonstrating a close serological relationship to 
PPV, has been studied in some detail by Sieg] (1972). 
Although the exact nature of this relationship is still 
poorly defined, this data has apparently been accepted for 
PPV as well (Bachman et al, 1979). From the sedimentation 
co-efficient in neutral sucrose gradients and the minor 
variation in S values for native and denatured DNA, Sieg] 
has deduced that KBSH virus has a single-stranded DNA genome 
of approximately 1.4 million daltons in size. This same 
author noted that incomplete particles banding at a lower 
density were routinely evident. These particles contained a 
heterogeneous distribution of DNA lengths, most frequently 
comprising 20% of the complete genome. Similar results have 
been documented for several other parvoviruses (Shahrabadi 
et al, 1977; Rhode, 1978; Faust and Ward, 1979). 

Only two limited studies have been attempted to 
investigate the value of vaccination in preventing PPV 
induced reproductive failure. Studies of serological 
response to an inactivated vaccine produced by Joo and 
Johnson (1977), indicated that antibody titres were 
sufficient to assure protection for a period of six months. 
Mengeling et al (1979) in a more detailed study of a low 


number of a animals showed that a presumably attenuated 
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strain of PPV inactivated by acetylethyleneimine protected 
vaccinates from challenge by oro-nasal administration of an 
assumed virulent strain. Non-vaccinated controls all 
produced dead fetuses with successful virus isolation from 
each litter. No virus was isolated from piglets born to 
vaccinated sows and no antibody detected. 

In light of the foregoing, the present project was 
undertaken with two goals. The first was to satisfy some of 
the outstanding requirements of nucleic acid and protein 
characterization to unquestionably classify PPV as a 
parvovirus. The second was to investigate the feasibility of 
growth and purification of PPV in a defined cell line 
system, as opposed to less convenient primary fetal cells. 
Such a system hopefully would prove suitable for commercial 
vaccine production, reliable viral isolation and 
quantitation and the production of high quality diagnostic 


reagents. 
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II. MATERIALS AND METHODS 


A. Virus Isolate 

The virus isolate used in this study was the ADRI-1 
strain of PPV isolated in Ottawa, Canada, from a primary 
porcine thyroid cell culture (Ruckerbauer et al, 1978). The 
virus was received as a gift from Dr. H. JU. Cho (Animal 
Disease Research Institute, Lethbridge, Alberta, Canada). 
This strain has been found to be serologically 
indistinguishable from two other well studied isolates 
(59E/63, Cartwright et al, 1969; G 10/1, Mayr et al, 1968) 
by the modified direct complement-fixation, 
Hemagglutination-inhibition and fluorescent antibody tests. 

Upon receipt, the virus was passaged in primary porcine 
fetal Kidney cells prior to further study and the medium 


from infected cultures was stored at -20°C until required. 


B. Cell Culture 

A swine testicle (ST) cell line was used almost 
exclusively during this study to propagate PPV. This cell 
line was chosen for its ability to support the growth of the 
virus with a distinct cytopathic effect. Information 
concerning the passage history and origin of the cell line 
were unavailable from the donor, Dr. J. F. Pantekoek 
(Alberta Provincial Veterinary Laboratory, Edmonton, 
Alberta, Canada} and could not be traced. With reference to 


cellular morphology, growth characteristics and an aneuploid 
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Karyotype, it was suspected that the ST cells were derived 
from an epithelial neoplasm (Figure 2). 

Upon receipt the ST cells were found free of mycoplasma 
by culture methods. At various intervals during this study, 
checKs were made for endogenous or contaminating 
parvoviruses by the method of Hallauer and Kronauer (1965) 
and were consistently found negative. 

Primary cells were prepared by trypsinization of 
freshly excised fetal porcine Kidneys using standard 


methodology (Rovozzo and Burke, 1973). 


C. Cell Culture Medium 

Medium for both growth and infection was prepared from 
a powdered minimum essential medium base (MEM-Eagle, 
modified Auto-Pow, Flow Laboratories, Inc., Inglewood, Ca.) 
which was dissolved in distilled water. The medium was 
autoclaved for 15 min at 15 psi, 120°C and stored at 4°C 
until required. 

Calf serum was added to growth medium to a level of 5% 
[volume per volume (v/v)] prior to use. Filter sterilized 
solutions of glutamine, bicarbonate, penicillin and 
streptomycin were added to final concentrations of 2 
millimolar (mM), 0.1% [weight per volume (w/v)], 100 
international units/mL and 200 micrograms (ug) per mL, 
respectively. 

For the preparation of medium to be used during 


infection, fetal calf serum at the same concentration was 


Sie ee ee oe 


“y 


beviaeti aee sites Ta, ant) dart 
a aunt 


siaeiqooym To ee 14 tbhwa! otsw elise Te. erty: tqienet 
wouter Hib afevretni audtyaw 2A .abertiem suit 


ve 


“gpl Pentweines, 10 zudheigObne 14? shen stew 
(ag6) > sauene4' bag. aes!’ s? to ferliem etl yd eomutt oy 


. $v Fieger dahoot ylinetet nos sew | 


i re sMustnteacs val baraqata ae" all sn Camb TS 
7) 


bah 2 gniee eyeher A eniotedg (8307 feet oxe yl 


NEVO , Se WE bts asco?) ees. 


i. Se 


y: ; quifioM owt fi ried 


mort Beneq@ecd gaw ral fuetits bes-riiworg riod wot mutbel 
Sioa Wit) seacd mrSen i 6 Nleied funrenihm be1bwog & 


(,»2 ,coametgni .,..aerl \ es! wYanbane vict 1 .'wo ~atak rot ra 


, ; » mos Li Pe ~~ 

Sew mis? Steam ect .fatew teriftatb ni bew!oseid. gaw fot a 
\ “aa 

2}. 38 Gesote ‘bog OOS! Jaq €t Je nin et 167 bevisl 30. 


eget desc ren 


£2 to tavel: a of mufbem Aino of 6200s 3 SW any ian tied 


best t rete: neti tax 2! et of Ve PAR nha Gy "eq othts fc at : 
bite sir toFriac Stanodieoi d enlhentuio vo anot fufes 
: <) a 7 
¢ 1® epot FEN iMBOFIIG ark’ 'o1- Babbs ts7¢0 tt asode 


1 aie ste ume | amy bey +30 Theta) an , ae satomt a 


- 
_ 


» lit 135 tow) ssa chit bet. brea’ smvatimw tended 
a 7 oe . ae 


— 
, os a “howl ISQa 
ai eh, bee oa, 2 ms kai te 16h erecory at Se 


ersten wicca ame belcytid Hes tse pe 


Wy, re = er, 


anes © ; ee = h? > : Bai vi " is A 
¢ = : 
e 


4 i fie i. : 2 Ys S - a i, § 
: j : NO iy i 


Fa | 


-e 
S Pa 


"Paley a ie Pe eh are a ea 


20 


substituted for calf serum. 


D. Virus Propagation 

For routine virus production, ten or twenty 150 square 
centimeter (cm2) glass culture (Blake) bottles were seeded 
with approximately 7 x 106 ST cells per bottle and incubated 
at 37°C When monolayers were 50% confluent, with minimal 
cell to cell contact and appeared to be entering the log 
phase of growth, 36 to 48 h later, the growth medium was 
removed. The cell surface was washed twice with sterile 
phosphate buffered saline with Ca** and Mg** followed by the 
addition of 10 mL of virus inoculum diluted in PBS to a 
multiplicity of infection (MOI) of 10-3 plaque-forming units 
(PFU) per cell. The bottles were then incubated at 37°C for 
1 h, with gentle swirling each 15 min. After the adsorption 
period, 100 mL of infection medium was added to each bottle 
and incubation was continued at 37°C until CPE was 75% 


complete, generally in 3-5 d. 


E. Virus Purification 

Infected cells were scraped into the medium with a 
rubber policeman and centrifuged at 2,500 gravitational 
forces (g) for 10 min. The cell pellet was washed once in 
neutral TNE buffer [50 mM trishydroxymethy]lamino- 
methane-hydrochloride (Tris); 150 mM NaCl; 0.5 mM 
ethylenediamine tetra-acetate (EDTA)] and similarly 


repelleted. Purification proceeded by one of two methods 
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a) The cell pellet was resuspended in 50 mM glycine 
buffer, pH 9.0, and sonicated at low frequency for four 15 
second (sec) bursts at 0-4°C. The cell suspension was 
incubated at 4°C for 1 h and then twice extracted with an 
equal volume of Freon 113 (trichlorotrifluoroethane; 
Terochem Laboratories Ltd, Edmonton, Canada) with 
centifugation at 3,000 g to separate the aqueous and 
non-aqueous phases. Particulate cellular debris was removed 
from the upper aqueous phase by centrifugation at 12,000 g 
for 10 min. The supernatant was layered onto a step gradient 
consisting of 2 mL of 1.0 molar (M) sucrose above 5.0 mL of 
a CsCl solution, buoyant density 1.40 gm/mL (both solutions 
being prepared in the above glycine buffer). The virus 
Suspension was sedimented to equilibrium in a SW40 rotor at 
150,000 g for 20 h in a Beckman L5-75 ultracentrifuge 
Gbecknanmeis usm olOuALtows Cam. 

b) The cell pellet was suspended in TE buffer (50 mM 
Tose Semel DPA wpHesey) sanded. 000° kKilo-international 
units Trasylol (FBA Pharmaceuticals, Distributor Boehringer 
Ingelheim, Dorval, Que.) was added (Table 2). The cell 
suspension was then homogenized in a Sorvall Omni-mixer 
(Dupont Insts., Wilmington, Delaware) for one minute on ice. 
The suspension was centrifuged immediately at 275 g for 5 
min, and the supernatant at 28,000 g for 30 min. The 
resulting supernatant was adjusted to 25 mM calcium chloride 


and incubated at 4°C for 30 min. The precipitate was 
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Table 2 


Purification of Porcine Parvovirus by 
the Modified Tattersall Procedure 


PPV-infected ST cells 


Scrape cells into medium 
Centrifuge @ 2,500 g 10 min 


Pellet Discard 
supernatant 


Wash in TNE buffer, pH 7.5 
Centrifuge @ 2,500 g 10 min 


Pellet Discard 
' supernatant 
Homogenize i min in TE buffer, pH 8.7 
plus 2,000 KiU Trasylol 
Centrifuge @ 275 g 5 min 


farily '| 
Supernatant Discard 
pellet 
Centrifuge @ 28,000 g 30 min 
PeaERIICERAP LEON SAVAT Die tcoe seney (69 
Supernatant Discard 
pellet 


Precipitate with 25 mM calcium chloride 
30 min 
Centrifuge @ 12, 000 g 10 min 


Peitet Discard 
supernatant 


Resuspend in TE buffer plus 19.5 mM EDTA 
by gentle sonication 
Centrifuge © 12,000 g 10 min 


Supernatant Discard 
pellet 
Layer on sucrose-CsCi step gradient 
in TE buffer, pH 8.7 
Centrifuge © 150,000 g 20 h 


Purified PPV 
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pelleted at 12,000 g for 10 min and the supernatant 
discarded. TE buffer plus 19.5 mM EDTA was added and the 
pellet resuspended by vortex agitation and gentle 
sonication. Insoluble material was removed by further 
centrifugation at 12,000 g for 10 min, and the viral 
suspension layered onto a step gradient as above (sucrose 
and CsCl prepared in TE buffer) and similarly centrifuged. 
Following centrifugation, fractions were collected 
dropwise by bottom puncture for further assessment or 


visible bands were removed by pipette and studied directly. 


F. Virus Assay 

Virus infectivity was measured by several methods: 

a) 50% Tissue Culture Infectious Dose Assay (TCID50). 
Meticulously cleaned glass culture tubes were seeded with 5 
x 105 ST cells in growth medium and incubated overnight at 
37°C. The following day the culture tubes were examined for 
the presence of sufficient cell adherence and minimal cel] 
to cell contact. Suitable tubes were then infected in 
quadruplicate with serial tenfold dilutions of viral 
inoculum prepared in PBS as described previously. During 
infection and PI incubation, tubes were placed in a roller 
apparatus (Labline Insts. Inc., Melrose Park, 111.) Cell 
cultures were monitored for CPE for 5 d PI, and the log 
TCID50 calculated by a modification (Marusyk, personal 
communication) of the technique of Reed and Muench (1938). 


b) Plaque Assay. For plaque assays, 3.5 x 105 ST cells 
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were seeded into 60 mm plastic Petri dishes and incubated 
overnight at 37°C in a 5% carbon dioxide atmosphere in 
growth medium supplemented with 10 mM hydroxyethy1- 
piperazine-ethansulfonic acid (HEPES). The following morning 
all dishes were examined for even cell distribution with 
minimal cell to cell contact. Growth medium was removed and 
dishes were washed gently with PBS once. Serial tenfold 
dilutions of virus were prepared in PBS, and duplicate 
plates inoculated with 0.2 mL each. Plates were incubated 
for 1h at 37°C with gentle rotation at 15 min intervals. 
Following adsorption, the inoculum was removed, and dishes 
were overlaid with 5 mL of agar medium consisting of: 1 
Part: 1.5% (w/v) Noble agar (Difco) in distilled water at 
43°C added to 1 Part: 2 x infection medium at 37°C (without 
phenol red) supplemented with 20 mM HEPES. The medium was 
allowed to solidify at room temperature for 1h and the 
plates were incubated without inversion at 37°C in a 5% 
carbon dioxide atmosphere. The following day 2 mL of 
infection medium without phenol red were added to each dish. 
Dishes were either stained 4 d PI by the addition of 3 mL of 
agar medium containing 1:10000 neutral red and plaques 
counted the following day, or were fixed 5 d PI with 10% 
formaldehyde and stained 2 h later with crystal violet. 

c) Inclusion Body Assay. Glass Leighton tubes with 
acid-cleaned glass coverslips were seeded with 5 x 10° ST 
cells each. The following day tubes were examined and 


infected in duplicate as described above. At 48h PI, 
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coverslip monolayers were washed with PBS, fixed overnight 
with Zenker’s solution and stained with hematoxylin and 
eosin as described by Hsiung (1973). Stained coverslips were 
mounted on slides and examined by light microscopy. Typical 
inclusions were counted and the titre determined from the 
highest dilution showing distinct inclusions. 

d) Fluorescent Focus Assay. The procedure described by 
Thiel and Smith (1967) was modified slightly for use in this 
study. Petri dishes were seeded and incubated as described 
for the plaque assays. Duplicate petri dishes were infected 
at 50% confluence with serial tenfold dilutions of the viral 
suspension as in the plaque assay. Following infection, 5 mL 
of infection medium supplemented with 10 mM HEPES was added 
to each dish after removal of the inoculum. The cultures 
were incubated in a 5% carbon dioxide atmosphere at 37°C for 
48 h. At this time the medium was removed and each plate was 
washed four times with 0.9% (w/v) NaCl. The monolayers were 
then fixed by adding 5 mL of 95 volumes methanol:5 volumes 
0.9% NaCl. for 4 min. The fixative was removed and the 
plates were washed with 100 mM phosphate buffer, pH 7.1, for 
4 min. The fixed monolayers were then covered with 0.4 mL of 
PPV antiserum prepared in rabbits as described below. Plates 
were allowed to stand at room temperature for 30 min with 
gentle swirling each 10 min. The antiserum was then removed 
and the plates were washed six times with phosphate buffer. 
Op4emin Ofmal des dilution of “fluorescein isothiocyanate 


conjugated anti-rabbit immunoglobulin (BBL, Cockeysville,MD) 
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was then added to each plate. After a similar incubation, 
each plate was washed three times with phosphate buffer. 
Plates were then examined with a Zeiss Jena microscope with 
a dark field condenser under ultraviolet illumination. The 
number of fluorescent cells were counted in the highest 
dilution producing fluorescence and the titre calculated 


from the appropriate dilution factor. 


G. Preparation of Hyperimmune Serum 

Purified PPV was obtained by the Cat+* precipitation and 
sucrose-CsCl centrifugation procedure described above. Virus 
protein was quantitated by a commercially available kit 
(Bio-Rad Protein Assay, Bio-Rad Laboratories, Richmond, 
Ca.). Virus was disrupted by extended sonication, repeated 
freeze-thawing in liquid nitrogen and dialysis against 
distilled water. Disruption was assessed by pre- and 
post-treatment electron microscopy. Rabbits were injected 
intramuscularly with approximately 160 ug of whole or 
disrupted virus that had been dialyzed overnight against PBS 
and mixed with an equal volume of Freund’s incomplete 
adjuvant. Intravenous boosters of a similar quantity of 
virus without adjuvant were given four and eight weeks 
later. Rabbits were test bled one week later and antibody 
production assessed by countercurrent immunoelectrophoresis 
(CIE) against homologous antigen. One week after the test 
bleed, the rabbits were terminally exsanguinated. Sera were 


partially purified by amonium sulfate precipitation (Axelsen 
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et al, 1973), resuspended in distilled water and stored at 


=20°¢ untineuses 


H. Hemagg ut ination 

Serial two-fold dilutions of viral samples were 
prepared in PBS for either the micro-(0.05 mL volume) or 
macro-titration (0.2 mL volume) method in microtitre plates 
(Cooke Engineering Co., Alexandria, Va.) or test-tubes, 
respectively. An equal volume of a 1% (v/v) suspension of 
guinea pig or African green monkey erythrocytes were added 
to each well or tube and the tests were incubated at 4°C for 
2h. The hemagglutination (HA) titre was recorded as the 
highest dilution of test sample to cause complete 


agglutination of the erythrocytes. 


I. Hemagglut inat ion-Inhibition 

Hemagglutination-inhibition (HI) tests were performed 
as described by Joo et al (1976b). Non-specific inhibitors 
of hemaggutination were removed by heat inactivation of test 
sera at 56°C for 30 min followed by absorption with 25% 
(w/v) Kaolin in PBS. Endogenous hemagglutinins were removed 
by adsorption with the erythrocytes used in the test for 1h 
at room temperature. Treated sera were then serially diluted 
and mixed with an equal volume of hemagglutinin containing 4 
HA units. Following incubation at room temperature for 1h, 
an equal volume of 14 guinea pig, or occasionally African 


green monkey, erythrocytes was added. Tests were then 
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incubated at 4°C for 18 h. The hemagglutination-inhibition 
titre was recorded as the highest dilution of serum to 


completely inhibit hemagglutination. 


J. Growth Curve of PPV in ST Cells 

Forty 25 cm? plastic culture flasks were sparsely 
seeded with ST cells (5 x 105 cells/flask) and allowed to 
settle overnight to produce minimal cell to cell contact. 
The cells were then parasynchronized by incubation at 4°C 
for 3 h followed by rapid warming to 37°C before infection. 

The cultures were washed once with PBS and infected 
with 1 mL of a 1:1000 dilution of seed virus (MOI 10-3 
PFU/cell) prepared in PBS and allowed to adsorb at 37°C for 
1 h. Unadsorbed virus was removed by washing each flask 
three times with PBS. Five mL of infection medium was then 
added to each flask and incubation was continued at 37°C 

AVOOmnolnitervalsSerromao: tom46; hebleandeat $/2eande96 h 
PI, flasKs were examined for CPE and four flaskKs were 
selected randomly for determination of intracellular and 
extracellular infectivity and hemagglutinin. To assess 
intracellular virus, monolayers were washed once in TNE 
buffer, cells were scraped from the flask, pooled with 
cellular debris pelleted from the supernatant medium and 
suspended in 1 mL of 50 mM glycine buffer, pH 9.0. The cell 
suspension was frozen and thawed three times and then 
incubated at 4°C for 1h to extract virus. All samples were 


stored at -20 C prior to analysis for HA titres and 
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infectivity (by TCID50 assay) as previously described. 


K. Susceptibility of Various Cell Lines to PPV 

Attempts were made to infect the following cell lines 
with PPV: 

1) BHK-21 (baby hamster kidney; a gift from Dr. J. 
Colter, Biochemistry, University of Alberta, Edmonton, 
Alberta). 

2) BSC-1 (African green monkey kidney; ATCC 46403). 

3) HeLa (human cervical carcinoma; a gift from Dr. 0. 
Morgante, Bacteriology, University of Alberta, Edmonton, 
Alberta). 

4) HEp-2 (human epidermoid laryngeal carcinoma; F low 
Laboratories, Mississauga, Ontario). 

5) KB (human nasopharyngeal carcinoma; a gift from Dr. 
S. Mak, Biology, McMaster University, Hamilton, Ontario). 

6) KB pre-infected with human adenovirus serotype 2. 

(Omen CGSRKean (rabbitekidney; ATCC 46369). 

8) MRC-5 (human Jung fibroblasts; ATCC 6388). 

9) ST (swine testicle; a gift from Dr. J. Pantekoek, 
Microbiology, Provincial Veterinary Laboratory, Edmonton, 
Alberta). | 

10) Vero (African green monkey monkey; Flow 
Laboratories Mississauga, Ontario). 

Duplicate cultures were seeded in 75 cm? plastic 
culture flasks. When approximately 50% confluence was 


evident, one flask was infected with 2 ml of a crude PPV 


dant) 112 print tot oii saat x Sonclinceaiins 
i annie kdaaseennte ae ue -10n - 
‘notnenss o6ied?A to gteravyi ootiaimnetaohi as 


ae. A 


oe 


See SOTA yenbit vonlnon eae ip nesereh) )-02e See 
@ aint 7 ¥ipe. vaponniaisd festvyen riereurt) eet 4% 
_ not roms ‘BAO UA 40! yrtevevind teoharsstant 


4 
* 


‘MOF BROT DISD eneotuat picieet ae nisi) Saget 

ys Lerein® eqweeatecio ’, 

70 mont TD € ‘patie Se; lasgricasnageen iain) ay (a 

-_ wie, inet (srg tte rata rat bsttoe Rol or). 

B emeomhe: ann vores atid ai tw betoater “999° aa fa” 

' SURGRAA. 29MM, tyenbi Adis 3)! r=mm oh 4 

BRS odth jade seat tt! bau. reevrattt 23mm 

acpi fg ba AM, pan? ani 3 ata seyh saptewe bas 
nein, ‘etation wert Sy3V Jstonivass Nege 


i a Sra: . 4 " 
7 : ~ ot 


— 


= 
? 


i - Wot L¥terinom, hon: i Rates aie 


30 


preparation diluted in PBS to an approximate MOI of 2 x 10-3 
PFU/cell. The other culture was left as an uninfected 
control. The cells were observed daily for CPE. When CPE was 
maximum or when 5 d had elapsed, the cells were scraped into 
the medium, pelleted by low speed centrifugation, and washed 
once in neutral TNE buffer. After centrifugation, the buffer 
was poured off and the cells were resuspended in 2 mL of 50 
mM glycine buffer, pH 9.0, by vortex agitation. The cell 
suspension was incubated at 4°C for 1h and then centrifuged 
once more. The supernatant fluid was assayed for viral 


hemagglutinin as described previously. 


L. Ultraviolet Light Absorption Spectrum of PPV 

A suspension of porcine parvovirus purified by Ca** 
precipitation and sucrose-CsCl centrifugation was tested for 
ultraviolet light absorption between 235 and 310 nm 
wavelength. Measurements were performed with a Gilford 250 


spectrophotometer (Gilford Inst. Lab., Oberlin, Ohio). 


M. Sucrose Sedimentation of PPV Virions 

Purified PPV from a CsCl gradient was dialyzed 
Overnight against TNE buffer, pH 7.5. The virus suspension 
was layered on a 5-20% linear sucrose gradient and 
centrifuged in a SW40 rotor for 90 min at 150,000 g in a 
Beckman L5-75 ultracentrifuge. Fractions were collected 
dropwise by bottom puncture and assayed for hemagglutination 


titres. 
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N. Immunoe lectrophoresis 

a) Countercurrent Immunoelectrophoresis. Glass plates 8 
cm x 10 cm were carefully layered with 20 to 25 mL of 1% 
(w/v) agarose prepared in Tris-glycine buffer (50 mM Tris, 
380 mM glycine, pH 8.3). Two rows of wells 4 millimeters 
(mm) in’ diameter and spaced 8 mm apart were cut into the 
agar. The well on the anodal side was filled with 35 uL of 
test serum and the well on the cathodal side with an equal 
volume of viral antigen extract. This antigen consisted of 
the glycine-freon extract described above (see 
Purification), and was diluted as required to have an HA 
titre of 4096. Electrophoresis was carried out in the same 
buffer contained in the agar at 150 v for 1h in a Bio-Rad 
model 1415 electrophoresis cell. Precipitation lines were 
evident immediately following electrophoresis. For permanent 
records, gels were pressed under wet filter paper, several 
layers of paper towel, a flat cover and moderate weight. 
They were then dried to a thin film with a hot air blower, 
rinsed free of any precipitated salts or spilled reagents in 
buffer and finally stained with 0.2% Coomassie Brilliant 
Blue R in methanol:acetic acid:water (5:1:4) and destained 
in the same solution minus the stain. 

b) Rocket Immunoelectrophoresis. Agar plates were 
prepared as above except that the agar was cooled to 
approximately 45°C and 50 microlitres (uL) of antiserum 


against disrupted PPV was added to 25 mL agar prior to 
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pouring the plates. Rows of sample wells were cut into the 
agar as above and filled with 25 uL samples. Electrophoresis 
was performed at 250 v for 2-6 h. Following electrophoresis 
plates were pressed, dried and stained as described above. 
c) Two-dimensional Immunoelectrophoresis. Overlapping 
triplicate 4 mm wells were cut into agar slabs prepared as 
above. This elongated well was filled with 100 ul of viral 
antigen from the upper band in the sucrose-CsCl gradient, 
which had been dialyzed overnight against TE buffer. 
Electrophoresis was then carried out at 250 v for 2 h. The 
agar was then removed from the upper half of the plate by 
incision adjacent to the well and parallel to the direction 
of electrophoresis in the first dimension. The excised agar 
strip was replaced by an equal amount of the same agar 
containing 50 ul of partially purified immunoglobulin 
prepared against disrupted whole virus from the lower band 
in the sucrose-CsCl gradient. Electrophoresis was performed 
perpendicular to the first direction at 350 v for 180 min. 


The plates were then pressed, dried and stained as above. 


O. Buoyant Density of Virus 

The buoyant density of PPV was measured by correlation 
of the refractive index of individual fractions collected 
from equilibrium gradients with a standard reference table 
(Anderson and Anderson, 1968). Measurements were made at 


room temperature using an Abbe optical refractometer. 
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P. Preparation of Virion DNA 

DNA was prepared most frequently by the method of 
Bourguignon et al (1976). 

Purified virus was concentrated by dialysis against 
polyethylene glycol to a volume of 0.2 mL and layered on a 
5-20% (w/v) alkaline sucrose gradient containing 300 mM 
NaOH, 700 mM NaCl and 0.15% (v/v) Sarkosyl. The preparation 
Wass cenerprugedmr.nea oW50Frotonmat 17,08 000NgFforrse5thnrin a 
Beckman L5-75 ultracentrifuge. Fractions were collected by 
bottom puncture and the optical density determined at a 
wavelength of 260 nm in a Gilford 250 spectrophotometer. 

DNA was occasionally prepared by disruption of virions 
in 3 M guanidine hydrochloride as described by Shahrabadi et 
ie Gh emOrmOn Loe SDSeande?) SemNREDMA at 7 2m5eC% for 390 
min, followed by rapid cooling and precipitation of SDS and 
proteins with 1 M NaCl and centrifugation as described by 


May and May (1970). 


Q. Agarose Gel Electrophoresis of PPV DNA 

Agarose slab gels were prepared from 1% agarose in E 
buffer (40 mM Tris; 5 mM sodium acetate; 1 mM EDTA), using a 
Bio-Rad model 220 electrophoresis cell. Sample wells were 
formed directly in the top of the gel with a teflon comb. 
Bromophenol blue was added to samples as a tracking dye as 
was sufficient sucrose to produce at least a 10% solution. 
Samples were applied to the wells and electrophoresed in the 


same E buffer at 150 v until the tracking dye had migrated 
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4/5 of the gel length. Following electrophoresis, gels were 
either stained in ethidium bromide and immediately examined 
under ultraviolet illumination, or acridine orange followed 
by destaining in the appropriate buffer prior to examination 
with ultraviolet light. Human adenovirus serotype 5 (HAd5) 
DNA was run simultaneously as a double-stranded control for 
differential staining with acridine orange. Heat denatured 
DNA from phage @0X174 or HAd5 DNA cleaved by restriction 
enzyme Eco-R1 were occasionally electrophoresed 


simultaneously as controls. 


R. SDS-Polyacry lamide Gel Electrophoresis of Virion Proteins 

a) Preparation of Stacking and Resolving Gel. A 
modification of the procedure described by Laemmli (1970) 
was used for analysis of virion polypeptides. A 90 x 160 x 
1.5 mm slab resolving gel consisting of 10% acrylamide 
(acrylamide:bisacrylamide ratio of 30:0.8) was prepared in a 
Bio-Rad model 220 apparatus and allowed to polymerize for at 
least 1h. A 3% stacking gel was then prepared above this, 
containing ten sample slots formed with a teflon comb. The 
stacking gel was overlaid with electrode buffer and allowed 
to polymerize for 45 min prior to application of the 
samples. 

b) Preparation of Samples. Purified virus from 
sucrose-CsCl gradients was drop dialyzed against 1% ammonium 
acetate for 45 min to remove salts (Marusyk and Sergeant, 


1980). The sample was then diluted 1:5 with dissociating 
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DU Ge tEcOn ba iningEgoGemM iT ris, goles -8ned2 254 1g lycerol hel a25% 
SDS, 1.25% mercaptoethanol and 0.001% bromophenol blue. The 
sample was heated in a boiling water bath for 2 min and then 
added to the sample well. HAd5 was treated similarly and 
added to the adjacent well as a control for polypeptide 
molecular weight determination (Marusyk and Cummings, 1978). 
Samples were electrophoresed at 30 milliamperes constant 
current until the marker dye was within 5 mm of the bottom 
of the gel, generally requiring 220 min. The slab gels were 
then stained in 0.2% Coomassie Brilliant Blue R prepared in 
methanol:glacial acetic acid:water (5:1:4) overnight. The 
following day the gel was destained until clear in the same 
solution without stain. The molecular weight of virion 
polypeptides was determined by comparison to the relative 
migration pattern of the Known molecular weight polypeptides 
of the HAd5 comtrol: 

c) Densitometer Tracings of Stained Gels. The gels were 
sliced lengthwise into individual tracts, each containing 
the resolved polypeptide bands of each sample. The tracts 
were optically scanned at 590 nm wavelength in a Gilford 


spectrophotometer fitted with a linear transport scanner. 


S. Thermal Denaturation of Purified Viral DNA 

PPV DNA prepared by alkaline sucrose centrifugation was 
dialyzed overnight against 0.1 x saline sodium citrate (SSC) 
(1.5 M sodium chloride, 150 mM sodium citrate, pH 7.0) and 


diluted to approximately 0.1 optical density (0D) at 260 nm. 
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HAdS DNA was prepared at the same concentration in the same 
buffer as a control. Both samples were heated to 100°C while 
being scanned for increases in optical density at 260 nm in 


a Pye-Unicam SP1800 recording spectrophotometer. 


T. Electron Microscopy Studies 

a) PPV Virions. Purified virus from CsCl gradients was 
drop-dialyzed against 1% ammonium acetate for 45 min and 
applied to formvar coated copper grids. Excess fluid was 
withdrawn with a filter paper and 1% sodium phosphotungstate 
was immediately added for 15 seconds and similarly 
withdrawn. Grids were allowed to dry and then examined in a 
Philips EM 300 and photographed with the 35 mm roll camera. 

b) PPV DNA. Purified virion DNA prepared by alkaline 
sucrose sedimentation was examined according to the method 
of Davis et al (1971). The hyperphase spreading solution 
contained a final concentration of 100 mM Tris, 10 mM EDTA, 
pH 7.5, 40% formamide (v/v), 50 ug cyanogen bromide treated 
cytochrome C per mL and approximately 1 ug/ml PPV DNA 
(assuming 1 OD @ 260 nm = 36 ug/mL single stranded DNA; 
Sinsheimer, 1959). A small quantity of bacteriophage M13 
DNAGEREIe  thesKkind gift@of Dr: A. Morgan was included as an 
internal control. This preparation was spread over a 
hypophase consisting of 10% formamide in 10 mM Tris, 1 mM 
EDTA, pH 7.5. The DNA was picked up on copper grids covered 
with carbon coated formvar films, that were then stained in 


an alcoholic solution of uranyl acetate and rotary shadowed 
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with platinum-palladium. The grids were examined in a 
calibrated Philips EM 300 electron microscope and 
photographed. 

The negatives were projected and traced at a final 
maguatiheathionrote/0;0008x* TracingseofalsacirculareM13 
molecules and 168 PPV DNA molecules were measured with a map 
tracer. The approximate molecular weights of the various 
size classes were determined from the ratio of the projected 
lengths (M13 DNA = 2 x 10® daltons; Marvin and Hohn, 1969). 

c) PPV-infected ST Cells. ST cells grown in Blake 
bottles were infected as previously described. At 72 h PI, 
when monolayers were just starting to show CPE, the infected 
cells were washed in 100 mM phosphate buffer, pH 7.2, and 
fixed with 3.54 glutaraldehyde prepared in the same buffer. 
After 5 min the cells were scraped from the bottle and 
centrifuged at low speed to form a pellet. The 
glutaraldehyde was removed and the cells were washed once in 
1.7% sucrose in phosphate buffer and centrifuged again. The 
pellet was then post-fixed in 1% osmium tetroxide for 30 
min. The cells were dehydrated in increasing concentrations 
of ethanol, followed by propylene oxide and finally embedded 
ThmeOOnmo le sea nterecuring tor 3 din a 60 C oven, the 
specimens were trimmed and sectioned with a diamond knife 
and mounted on copper grids. The sections were stained with 
5% uranyl acetate in methanol followed by lead citrate 
(Reynolds, 1963) and examined and photographed in a Philips 


EM 300 electron microscope. 
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U. Serological Survey 

One hundred serum samples from market age swine in 
central Alberta were received from federal veterinarians. 
These sera were examined for evidence of previous PPV 


infection by the HI and CIE procedures described above. 


V. Buffer Solutions 
Buffer solutions used in this course of study were 
prepared according to the descriptions of Gomori (1955) or 


anclereailmeetmallmios 6 je 


W. Manuscript Production 
This thesis was drafted, edited and printed using the 
TEXTEORM program and the Amdahl 470V/6 computer of Computing 


Services, The University of Alberta. 
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IIL. RESULTS 


A. Susceptibility of Various Cell Lines to PPV Infection 

Various cell lines were examined both for evidence of 
contamination by subcytocidal levels of PPV (using the 
technique of Hallauer et al, 1971) and the production of CPE 
and viral hemagglutinin following attempted infection (Table 
3). Only the ST cell line of porcine origin proved to be 
susceptible to infection by PPV. None of the human 
neoplastic cell lines from which Hallauer et al had readily 
isolated KBSH virus appeared able to support the growth of 
the ADRI-1 strain of PPV. Adenoviral pre-infection of KB 
cells did not vary the apparent non-permissive nature of 
this cell line, although an extensive study using various 
adenovirus serotypes and various MOI’s was not performed. 
The alkaline glycine extraction procedure readily released 
viral hemagglutinin from infected ST cells with HA titres as 
high as 1:12800 obtained, varying with the volume of 


extraction buffer used. 


B. Cytopathological and Morphological Alterations Produced 
by PPV in Cultured Swine Testicle Cells as Observed by Light 
and Electron Microscopy 

Monolayers that were infected at 50% confluence 
progressed to a state of complete confluence during the 
first 48 h after infection with no evidence of degenerative 


change. Rapid degeneration progressed over the next 48 h 
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Table 3 


The Production of Cytopathic Effect and Hemagglutinin by 
Attempted Porcine Parvovirus Infection of Cell Lines 
from Various Species 


Cell Line Uninoculated Inoculated 
Control Principal 
CPG eSHAT Ia tre CPE HA Titre 
BHK 21 = 0 - 0 
BSC 1 = 0 0 
HeLa = 0 - 0 
HEp 2 = 0 = 0 
KB . 0 = 0 
KB(HAd2 pre~- infected) t+t4" 0 ttt" 0 
PEC ORK at “ 0 = 0 
MRC 5 2 0 = 0 
ST : 0 +++ 4024 
Vero Z 0 = 0 


no visible change 


+ = minor degenerative changes, monolayer 25% affected 
++ = moderate degenerative changes, monolayer 50% affected 
+++ = severe degenerative changes, monolayer 75% affected 
++++ = complete destruction of the monolayer 


* typical adenovirus cytopathic effect 
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with the least confluent areas at the time of infection 
being affected first and the most confluent areas showing 
minimal change (Figure 3). The cytoplasm of infected cells 
began to retract, breaking cell-to-cell contact, and 
producing rounded cells with thin projecting membranous 
strands. Cells finally detached from the surface with 
progressively enlarging holes developing in the monolayer. 
The medium rapidly became acidic during the cellular 
degeneration. 

Hematoxylin and eosin stained monolayers showed the 
presence of cytopathic alterations as early as 24 h Pl. The 
earliest change observed was a fine basophilic prominence of 
the nuclear membrane. A more advanced stage of infection was 
indicated by a distinct darkening and thickening of the 
nuclear membrane with a barely discernible clear inner halo. 
The most advanced stage observed prior to cell lysis, 
demonstrated a prominently basophilic nuclear membrane, a 
wide clear intranuclear halo and a large, intensely 
basophilic, generally oval inclusion body enclosing the 
nucleoli (Figure 4). Although the number of cells 
demonstrating inclusions was variable and dependent on the 
multiplicity of infection, rarely did more than 25% of the 
cells show evidence of infection. 

Electron microscopic examination of infected cells at 
72 h PI demonstrated large numbers of granular amorphous 
inclusions, but few cells showed evidence of progressive 


assembly of complete virions. Severe degeneration of the 
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Figure 2 
Unstained Swine Testicle Cell Monolayer 


Swine testicle cells were grown in 60 mm diameter Petri 
dishes in growth medium supplemented with 10 mM HEPES wag 
387°C in a 5% CO2 atmosphere. Photomicrographs were taken 
4d after the cells were seeded. Epithelial morphology 
is evident. 


(Magnification: X 600) 


Figure 3 


Unstained Swine Testicle Cel! Monolayer Infected with 


PEY 


Subconfluent monolayers of ST cells in 60 mm diameter 
Petri dishes were infected 24 h after seeding with i mL 
of PPV (MOI 5 x 10-3 PFU/cell). Cells were examined and 
photographed 72 h PI. Notice the discrete rounding of 


cells and the large gaps that have developed in the 


monolayer. 


(Magnification: X 600) 
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Figure 4 


ST Cells Infected with PPV and Stained with Hematoxylin 


and Eosin 


Subconfluent cultures of ST cells in Leighton tubes were 
inoculated with 1 mL of PPV (MOI 107? PFU/cell). Cells 
were fixed with Zenker’s solution 48 h Pl and stained 
with hematoxylin and eosin. Infected cells demonstrate 
large intranuclear inclusions surrounded by a clear halo 
and marginated chromatin (arrow). 


(Magnification: X 2,500) 
Figure 5 


Electron Photomicrograph Section of ST Cells Infected 


with PPV 


ST cells were infected with PPV (MOI 10-2 PFU/cell). 72 
h PI cells from infected cultures were fixed, 

dehydrated, embedded, sectioned and stained as described 
in Materials and Methods. A large central, granular, 
intranuclear inclusion is evident. Numerous ribosomes 


can be seen immediately outside the degenerating nuclear 


membr ane. 


(Magnification: X 19,000) 
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nuclear membrane was evident at this time. A very thick band 
Of amorphous homogeneous material lined the internal edge of 
the nuclear membrane. Large numbers of ribosomes could be 
observed immediately outside the nucleus in the cytoplasm 
(Figure 5). The inner halo observed by light microscopy was 
shown to contain large numbers of apparently empty and full 
particles. These often appeared to be in a string, 
presumably along euchromatin fibres (Singer and Rhode, 

1978). The large granular inclusions could be seen to 
consist of massive aggregates of developing capsids (Figure 
6). No evidence of lattice formation or capsomer structure 


was observed. Individual virions measured 20-22 nm diameter. 


C. Purification and Concentration of PPV 

Various methods have been described for the 
purification of parvoviruses. Several of these are suitable 
for producing a concentrated relatively pure virus 
preparation as judged by electron microscopy. The only 
procedure that proved adequately selective enough to produce 
essentially pure virus, as judged by SDS polyacrylamide gel 
electrophoresis (SDS-PAGE), is the minor modification of the 
procedure designed by Tattersall] et al (1976; described 
earlier). The final two steps described by Tattersall et al, 
but not employed in this study, appear essential to remove 
minor quantities of residual nucleic acid and protein. This 
includes treatment with micrococcal nuclease followed by 


further sucrose sedimentation. The shortened Tattersall 
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Figure 6 


Electron Photomicrograph Section of ST Celis Infected 


with PPV 


The experiment was performed as described in Figure 5. 
Note the thick homogeneous, amorphous band lining the 
interior of the nuclear membrane. The granular central 
inclusion can be seen to consist of a large aggregate of 
developing viral capsids. Numerous full and empty 
virions can be seen in curvilinear arrays in the halo 
region. 


(Magnification: X 98,000) 
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procedure as applied to PPV purification in this study 
tended to most routinely produce three distinct bands in the 
CsCl layer of the step gradient (Figure 7). A lower band 
with a sharp lower border and a somewhat diffuse upper 
border banding at a buoyant density of 1.40 gm/mL (Figure 8) 
was shown by SDS-PAGE and EM to consist of a heterogeneous 
population of empty and full, essentially pure, virions. A 
somewhat diffuse band appears higher in the gradient and 
from EM, HA and SDS-PAGE analysis consisted of a 
heterogeneous minor quantity of particles still partially 
attached to cellular debris. The upper band demonstrated a 
sharp lower border that barely entered the CsCl layer and 
merged imperceptively with cellular proteins, lipoproteins 
and lipids extending through the sucrose layer. Further 
analysis of the upper band by HA, electron microscopy, 
SDS-PAGE and immunoelectrophoresis suggested that it 
contained viral soluble components. Calculation of the 
efficiency of this purification procedure indicated that the 
lower gradient band contained 20% of total cellular 


hemagglutinin but only 10% of total infectivity (Table 4). 


D. Infectivity Titration 

Of the four methods examined for infectivity titration, 
only the TCID50 and plaque assays gave reliable objective 
results. The inclusion body assay and fluorescent focus 
assays routinely produced vague endpoints. Well developed 


intranuclear inclusions were readily detected by both 
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Figure 7 


CsC1-Sucrose Step Gradient Centrifugation of Calcium 


Precipitated PPV 


Virus was extracted and purified as described in 
Materials and Methods. A discrete lower band, diffuse 


middle band and broad upper band are evident. 


Figure 8 


Hemagglutination Profile of Serial Fractions from PPV 


CsC1-Sucrose Gradient Centrifugation. 


Following centrifugation as described in Materials and 
Methods, 200 ul fractions were collected by 
bottom-puncture of centrifuge tubes. Prac tions were 
assayed for hemagglutination and buoyant density and 


peak fractions were examined by EM. 
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Table 4 


Determination of the Efficiency of PPV 
the Modified Tattersall Procedure 


Cell Purified Percent 
Lysate Virus Recovery 
Total Volume 20 { 
(m1) 
HA Titre 2048 8192 
(HAU/O.5 m1) 
Total HAU gu Sex. 100) 4.60% 10, 9.0% 
Infectivity Titre 10° 2OxV10° 
(PFU/0.2 m1) 
TOTAL INFECTIVITY id” 10° 10% 


(PFU) : 


Purification by 


D2 


2 


hematoxylin-eosin staining and fluorescent antibody a 
staining. However as various developmental stages were 
present in each preparation, quantitation proved very 
difficult, despite an obvious dilution effect. Only 
intranuclear viral-specific fluorescence was prominent 
compared to uninfected control cells, in contrast to the 
findings of Mengeling (1972) who additionally reported early 
cytoplasmic fluorescence. The relatively high cytoplasmic 
background fluorescence present may have impaired detection 
of cytoplasmic viral antigen. 

The TCID50 assay proved to be the most sensitive, but 
also the most tedious. Various types of commercial plastic 
culture tubes proved toxic to the ST cells, and individually 
washed glass tubes were necessary for successful application 
of this technique. A large quantity of culture medium was 
required (5 mL/tube) to provide for the substantial cell 
growth and acid production during the infection process. 

Successful plaque production with PPV required strict 
adherence to procedural conditions and medium composition. 
60 mm diameter petri dishes seeded with 3.5 x 105 cells each 
gave optimal cell density after an overnight incubation to 
allow cell attachment. At lower cell densities plaques could 
not be distinguished from gaps in the monolayer and at 
higher cell densities plaques were not visibly evident. 
Despite the presence of a carbon dioxide/bicarbonate buffer 
system, the inclusion of the organic buffer HEPES was found 


essential to buffer the large quantities of acid associated 
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with significant cell growth under the agar. Failure to 
include HEPES buffer resulted in degeneration of the 
monolayer from toxicity prior to plaque formation. Very 
gentle application of the medium and PBS wash was necessary 
to prevent removal of significant numbers of cells from the 
sparsely seeded plates. The extremely thermosensitive nature 
of the ST cells necessitated critical control of the overlay 
medium temperature and rapid application of the overlay to 
obtain a uniform covering without heat necrosis of the 
monolayer. Maximum discrete plaque sizes of 1.5-3.0 mm were 
obtained at 5 d PI (Figure 9). Plaques were readily 
distinguished but did not possess an extremely sharp border. 
Plaques could be produced equally well from both crude and 
purified viral suspensions. A titre of 105 PFU/0.2 mL was 


found to be equivalent to 3.1 x 105 TCID50/0.2 mL. 


E. Growth Curve 

An illustration of the intracellular and extracellular 
growth curve of PPV in the ST cell line as measured by 
TCID50 and HA assays is shown in Figure 10. 

As judged by TCID50 assay the virus latent period was 
12-16 h. This was followed by a logarithmic increase in 
intracellular infectivity which reached a plateau at 36 h 
PI. Extracellular infectivity was not detected until 6 h 
after intracellular infectivity and followed a similar but 
more gradually sloping curve. A secondary late rise in 


infectivity, attributed in other studies to cleavage of the 
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Figure 9 


Plaques Formed by PPV in ST Cells 


Plaque assay of a crude viral inoculum was performed as 
described in Materials and Methods. The titration 
illustrated indicates an infectivity titre of i05 PFU/ 
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Figure 10 
One Step Growth Curve of PPV in ST Cells 


Sparsely seeded, parasynchronized cultures of ST cells 
were infected at a MOI 10-2 PFU/cell. Unadsorbed virus 
was removed by several washes with PBS, and infection 
medium was added prior to incubation at 37°C. At various 
intervals until 96 h PI, cultures were examined for CPE 
and four cultures were randomly selected and pooled. 
Pooled samples were assayed for intracellular and 
extracellular viral hemacglutinin and infectivity as. 


described in Materials and Methods. 
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B polypeptide to the C polypeptide, was noted between 48 and 
72 h PI, as it has been with other parvoviral systems. 
Intracellular HA activity was not detectable until between 
24 and 30 h PI, presumably due to the lower sensitivity of 
the assay. Increases in intracellular HA continued 
logarithmically until 48 h Pl. Extracellular HA activity was 
not detectable until 48 to 72 h PI, when CPE was obvious. 
Apart from a slightly longer latent period, the shape of the 
growth curve resembles the single step growth curves 
reported for other parvoviruses (Tattersall, 1972; Singer 
and Rhode, 1978). This longer latent period may have been 
associated with the method of cell synchronization and the 
use of lower serum levels in the medium. 

Comparison of the total infectivity (infectivity titre 
x volume) indicated that only approximately 10% of total 
infectivity was found in the extracellular fluid and 90% was 
associated with the cell pellet. Furthermore, comparison of 
the ratio of HA: infectivity for intracellular and 
extracellular samples revealed a five to tenfold difference 
indicating that HA is an extremely inaccurate way of 


estimating infectivity of crude viral preparations. 


F. Hemagglut ination 

Hemagglutination tests were originally performed using 
1% guinea pig erythrocytes. It was subsequently found that a 
1% suspension of African green monkey erythrocytes, which 


are conveniently available in large quantity commercially 
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without the need for terminal exsanguination of the donor, 
produced identical titres. The techniques of dilute alkaline 
buffer extraction and sonication each produced a one log 
difference in HA titre over cell suspensions freeze- thawed 
in neutral buffer. Relatively large volume preparations with 
HA titres greater than 4000 could be routinely prepared 
using these methods. Purified virus suspensions generally 


produced HA titres of 2000-8000. 


G. Hemagglut ination-Inhibition 

Both the macro- and micro-titration methods were 
suitable for HI evaluation of sera. The macro-titration 
appeared to give clearer endpoints. Viral hemagglutinin 
prepared in either PPK or ST cells were equally reliable. 
Although plates were held for a final reading 18 h after 
addition of erythrocytes as described by Joo et al (1976b), 


little variation in HI titre was noted after 2 h incubation. 


H. Countercurrent Immunoelectrophores is 

CIE proved to be an effective technique to identify the 
presence of soluble viral antigen when test samples were 
electrophoresed against specific antiserum, or the presence 
of PPV antibodies in test sera electrophoresed with a 
suitable Known PPV antigen preparation. Tests generally gave 
positive reactions within 20 min, but electrophoresis was 
routinely continued for 1h (Figure 11). Antigen 


preparations with HA titres of 4096 gave most satisfactorily 
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Figure ii 


Countercurrent Immunoelectrophoresis of PPV Soluble 


Components 


A suspension of PPV soluble components was prepared by 
alkaline glycine buffer and Freon extraction of 
PPV-infected ST cells. A control suspension was prepared 
by similar extraction of uninfected ST cells. 35 ul of 
antigen suspension was electrophoresed against a similar 
volume of test serum, as described in Materials and 
Methods. An obvious precipitin line could be readily 
detected immediately following the electrophoresis (a). 
Plates were routinely pressed, dried and stained for a 
permanent record (b). 

1 control antigen preparation 

2 PPV soluble antigen preparation 

3 negative serum 


4 positive serum 
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visible precipitates, while precipitates from antigen 
preparations with HA titres less than 512 were not readily 
apparent. Attempts to use fractions containing whole virus 
from CsCl-sucrose gradients were generally unsuccessful. 
Fractions from subsequent CsCl isopycnic gradients produced 
positive reactions throughout most of the gradient. Both 
diluted and undiluted serum could be used to produce obvious 
precipitin lines. The position of the precipitin line 
between the two wells was observed to vary with the HI titre 
of the serum and the HA titre of the antigen preparation. 
Positive reactions were consistently observed between 
antigens prepared in ST cells at various times throughout 
this study and antiserum prepared against whole virus or 
disrupted virus as well as antiserum received with the 


original viral isolate. 


I. Rocket Immunoelectrophoresis 

Rocket immunoelectrophoresis was performed using 
aliquots from serially collected fractions of initial 
CsCl-sucrose step gradients, as well as peak viral fractions 
recentrifuged in CsCl equilibrium gradients, in an attempt 
to identify peak virus containing fractions. Initial step 
gradients rarely produced any significant rocket formation 
apart from fairly low, rounded blebs occuring with fractions 
from the upper region in the gradient suspected to contain 
PPV soluble components. Dark staining rims were present on 


the upper half of the wells which contained samples from 
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fractions having peak HA titres, but no migration from the 
well was evident. 

When fractions from subsequent equilibrium gradients 
were similarly examined a dramatic difference was observed. 
The fraction demonstrating a buoyant density of 1.44 gm/mL 
showed a large, well formed double rocket with similar 
minute rockets present in the two adjacent wells (Figure 
12). It has been previously demonstrated that parvoviral 
particles of this buoyant density, the so-called heavy full 
particles, are readily disrupted by repeated CsCl 
centrifugation (Clinton and Hayashi, 1975). As numerous 
disrupted particles were evident upon electron microscopic 
examination of this fraction, it would seem that rocket 
formation was associated with migration of disrupted virion 


components and not complete virus. 


J. Two-Dimensional Immunoelectrophoresis of PPV Soluble 
Components 

Material collected from the upper band in sucrose-CsC]l 
gradients was examined by CIE and rocket immuno- 
electrophoresis, prior to attempts at two dimensional 
immunoelectrophoresis, to assure adequacy of antigen. This 
material routinely gave a strong positive CIE reaction and 
produced short but obvious rockets, as opposed to purified 
virus which gave intense staining at the top of the wells, 
BuUteno Significant migration into the gel. 


Two-dimensional immunoelectrophoresis against antiserum 
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Figure 12 


Rocket Immunelectrophoresis of Fractions Collected from 


CsCl Isopycnic Centrifugation of PPV 


25 uL samples were added to welis cut in agarose slabs 
containing 50 uL anti-PPV immunoglobulin per 25 mL 
buffered agarose. Electrophoresis was performed at 250 v 
for 6 h, followed by pressing, drying and staining of 
the agarose slabs. A single fraction shows large 
prominent rockets with minor rockets present in the two 


adjacent wells. 


Figure 13 


Two-dimensional Immunoelectrophoresis of PPV Soluble 


Components 


An aliquot from the upper band of CsC1-sucrose gradients 
was electrophoresed as described in Materials and 
Methods. The profile observed indicates the presence of 
two antigens with differing electrophoretic mobilities 


that share a common antigenic determinant. 
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to disrupted PPV routinely produced a pattern consisting of 
two closely migrating peaks joined by a line of identity 
(Figure 13). Attempts to Produce greater peak height, 
resolution and separation by sample concentration, variation 
of antiserum concentration, voltage or electrophoresis time 
were unsuccessful. It is possible that this phenomenon was 
associated with residual cellular lipids bound to the 
soluble viral protein. Attempts to improve migration by 
freon or detergent treatment of the antigen were similarly 


unrewarding. 


K. Ultraviolet Light Absorption Spectrum of Purified PPV 
The absorption spectrum of PPV purified by the 
shortened Tattersall procedure is illustrated in Figure 14. 
The shape of the curve is very similar to that for another 
parvovirus, Minute Virus of Mice (MVM) (Tattersall et al, 
1976). The E260/E280 ratio was calulated to be 1.45, 
slightly higher than the 1.38 value determined for MVM 
following treatment with micrococcal nuclease and further 
sucrose sedimentation in addition to the purification 
procedure used for PPV in this study (Tattersall et 
al,1976). The higher absorbance at 260 nm would most likely 
suggest residual contamination with small quantities of 
cellular nucleic acid or incompletely packaged replicative 


form viral DNA. 
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Figure 14 


Ultraviolet Light Absorption Spectrum of PPV 


Purified PPV was obtained by the Tattersall procedure 
described in Materials and Methods. The ultraviolet 
light absorbance was measured in a Giltord=250 


spectrophotometer. The E260/E280 ratio was AS: 


Figure i5 


Sucrose Sedimentation of PPV Virions 


Purified PPV virions from CsCl isopycnic gradient were 
sedimented through a 5-20% neutral sucrose gradient as 
described in Materials and Methods. Fractions were 
collected by bottom-puncture of the centrifuge tubes and 
assayed for hemagglutination. A wide range of 
sedimentation rates is apparent, with two broad peaks of 


HA activity being detected. 
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L. Sucrose Gradient Sedimentation of Purified PPV 
Hemagglutinating activity could be detected over a very 
broad range in neutral sucrose gradients. As indicated in 
Figure 15, two peaks of hemagglutinin were evident with the 
Slower sedimenting peak demonstrating the highest HA titre. 
The results of this analysis closely paralleled the findings 
of Muller et al (1978) during studiés on the production of 
defective particles of parvovirus Lu III following multiple 
undiluted passage of virus. Such a procedure had been 
performed early in this study of PPV, without expectation of 
this consequence. The presence of a very heterogeneous 
population of particles, with respect to their sedimentation 
co-efficients, was suggested by this profile as well as a 
predominance of more slowly sedimenting defective particles 


within this population. 


M. SDS-Polyacrylamide Gel Electrophoresis of Purified PPV 
Disruption of purified virus into component 
polypeptides and subsequent separation according to 
molecular weight by polyacrylamide gel electrophoresis was 
performed (Figure 16). Three polypeptide species designated 
A, B and C in order of decreasing molecular weight 
(following the precedent of Tattersall et al, 1976) were 
demonstrated. By comparison of the relative migration 
patterns of the PPV polypeptides to those of HAd5, for which 
published molecular weights are available (Marusyk and 


Cummings, 1978), an accurate estimate of the molecular 
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Figure 16 


SDS-Polyacrylamide Gel Electrophoresis of PPV 
Polypeptides 


PPV purified as described by Tattersall et al (1976) in 
the presence of a proteolytic enzyme inhibitor was 
analysed by the SDS-PAGE technique as described in 
Materials and Methods (a). HAd5 was similarly analyzed 
as a control. Three parvoviral polypeptides are 
indicated by this analysis. The B polypeptide is 
observed to be the predominant species. PPV purified as 
described by Bourgignon et al (1976) in the presence of 
the proteolytic enzyme trypsin was similarly analyzed 
(b). Again three polypeptides are observed. However, the 


faster migrating C polypeptide is predominant. 


PPV 
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is 


weight of the ee PPV polypeptides was obtained. As 
determined from densitometer tracings (Figure 17), the 
molecular weights are 87,000 (polypeptide A), 69,000 
(polypeptide B) and 66,000 (polypeptide C). 

Considerable variation in the proportion of each 
polypeptide present and the presence of additional 
polypeptide species was found to depend on the method of 
purification used and the time of virus harvest. 
Purification methods not employing a calcium precipitation 
step routinely contained various arrays of additional 
polypeptides. As virus preparations not containing these 
polypeptides were completely infectious, it is assumed that 
these were contaminant cellular polypeptides. Most prominent 
in these additional polypeptides were a 72,500 dalton 
species and a 55,000 dalton species. Polypeptide A comprised 
10-20% of the total protein in all preparations, as 
estimated from the area under the curve on densitometer 
tracings. Polypeptide B was the predominant species and 
generally accounted for 60-80% of the total protein. 
Polypeptide C most frequently appeared as 20% or less of the 
total protein. When trypsin was used in purification 
SbeuroLoncnme wale (0) edaSiOniaicant sinchcases inethe 
proportion of polypeptide C was evident. Trypsin has been 
reported to cause cleavage of the B polypeptide of heavy 
full particles to a C polypeptide (Tattersall et al, 1976). 
Preparations harvested before CPE was evident occasional ly 


produced only the A and B polypeptides. The in vivo 
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Figure 17 


Densitometer Tracing of PPV Polypeptides Separated by 
SDS-Page 


Stained polyacrylamide gels containing PPV polypeptides 
separated by SDS-PAGE were scanned at 590 nm wavelength 
in a Gilford spectrophotometer with a linear transport 
scanner. The molecular weights of the separated 
polypeptides were determined by comparison to the 


relative migration of HAd5 polypeptides. 


The molecular weights determined by this analysis were: 
Polypeptide A - 87,000 
Polypeptide B - 69,000 
Polypeptide C - 66,000 
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conversion of polypeptide B to polypeptide C is considered 
to occur at a late stage in infection (Tattersall, 1978a) 
and to be associated with the late secondary rise in 
infectivity noted in this (Figure 10) and other studies 


(Singer and Rhode, 1977b). 


N. Alkaline Sucrose Gradient Sedimentation of PPV DNA 
sedimentation of purified PPV into an alkaline sucrose 
gradient produced the most suitable DNA preparation for 
electron microscopy. A small amount of rapidly sedimenting, 
presumably cellular, DNA could be detected by ultraviolet 
absorption measurement at 260 nm (Figure 18). Under the 
conditions used, the PPV DNA sedimented as a single band 


with a steep leading face and a broad trailing edge. 


O. Thermal Denaturation Curve 

Figure 19 illustrates the results of two thermal 
denaturation experiments. The curve associated with the 
change in optical density at 260 nm wavelength for PPV DNA 
during heating to 100°C shows only a minor terminal 
increase. In sharp contrast, the curve produced with HAd5, a 
Known double-stranded virus, demonstrates a substantial 
increase in optical density as the sample is heated. On the 
basis of these experiments the DNA of PPV is indicated to 


exist in a single stranded configuration. 
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Figure 18 
Alkaline Sucrose Sedimentation of PPV DNA 


Purified PPV was layered on a 5-20% alkaline sucrose 
gradient in a SW 50 rotor and centrifuged for 3.5 h at 
170,00 g as described in Materials and Methods. 200 ul 
fractions were collected by bottom-puncture of the 
centrifuge tube and analyzed for ultraviolet tight 


absorption at 260 nm wavelength. 


Figure 19 


Thermal Denaturation Curve of PPV DNA 


Samples of PPV DNA and HAd5 DNA were diluted to 0.1 0.D. 
@ 260 nm with 0.1 x SSC. The samples were heated to 
100°C in a Pye-Unicam 1800 spectrophotometer while the 
optical density was recorded. A distinct sigmoid curve 
increase is apparent with the HAd5 sample, 
characteristic of a double-stranded configuration. The 
PPV DNA demonstrated minimal change during heating to 


100°C, indicating a single-stranded configuration. 
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P. Agarose Gel Electrophoresis of PPV DNA 

A broad continuous band was repeatedly produced by 
agarose gel electrophoresis of PPV DNA. This was in sharp 
contrast to the discrete band produced by the adenovirus DNA 
control sample. The parvoviral DNA had the same somewhat 
diffuse appearance regardless of the method used to separate 
viral DNA and protein, suggesting that the broadness of the 
band was truly an indication of the heterogeneous population 
of DNA lengths in the sample and not an atrifact. When 
parvoviral DNA was electrophoresed with a control consisting 
of restriction enzyme Eco-R1 generated fragments of HAd5, 
the upper limit of the PPV DNA band migrated slightly ahead 
of the smallest restriction fragment. Although this would 
suggest that the complete PPV genome is slightly less than 
1.7 million daltons (Mulder et al, 1974), a direct 
comparison of single- and double-stranded molecules is 
inconclusive. More suitable single-stranded controls were 
unavailable. The differential staining properties of the 
acridine orange dramatically distinguished between the 
intense green fluorescence of the double-stranded adenovirus 
DNA and the weaker flame red fluorescence of the PPV DNA, 
again indicative of a single stranded configuration. 
Furthermore, ribonuclease treatment did not alter the 
appearance of the PPV nucleic acid band. Unfortunately due 
to the diffuse nature of the PPV band and the weak red 


fluorescence, satisfactory photographs were not obtained. 
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Q. Electron Microscopic Cbservation of Virion Morphology 
Virions purified by the shortened Tattersall procedure 
demonstrated the least evidence of residual contaminating 
cellular debris (Figure 20). Virions from such preparations 
revealed a generally spherical morphology. Capsomer 
structure was too indistinct to allow description. Particles 
frequently clumped to form a hexagonal lattice, suggestive 
of icosahedral symmetry. Apparently intact virions whose 
centre had been penetrated with stain, presumably empty 
particles, comprised approximately 25% of most preparations. 
A large number of damaged particles were routinely seen in 
various stages of degradation into an inner core 
(approximately 12-14 nm in diameter) and an outer shell. 
Individual virions varied in size from 20-24 nm in diameter 


with an average of 22 nm. 


R. Electron Microscopic Observation of Purified PPV DNA 

DNA prepared by alkaline sucrose gradient 
centrifugation proved most suitable for electron microscopy. 
Residual protein in preparations disrupted in guanidine 
hydrochloride resulted in clumping of the released DNA. 

Purified DNA spread by the formamide technique 
exhibited a profoundly heterogeneous distribution of lengths 
(Figure 21). The molecules were all linear and gave the 
appearance of being single-stranded in comparison to the 
double-stranded internal control molecules. They ranged in 


measured length from 0.15 to 1.05 microns (u) as judged by 
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Figure 20 
Electron Photomicrograph of Purified PPV Virions 


Purified PPV from CsCl-sucrose gradients was 
drop-dialyzed against i4 ammonium acetate, applied to 
formvar-coated copper grids and stained with 1% sodium 
phosphotungstate. The average diameter of the virions 
observed was 22nm. Numerous full and empty virions can 
be observed as well as some particles in the process of 
disrupting into an inner core and an outer shell 
(arrow). 


(Magnification: X 165,000) 
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Figure 21 


Electron Photomicrograph of PPV DNA 


PPV DNA was isolated by alkaline sucrose gradient 
centrifugation. The DNA preparation was mixed with a 
smal] quantity of circular phage M13 DNA and spread by 
the formamide technique. The spread DNA was picked up on 
carbon coated copper grids, stained with urany] acetate 
and shadowed with platinum-palladium. The thicker 
double-stranded circular phage DNA is readily 
distinguishable from the linear, single-stranded PPV 
DNA. Notice the heterogeneous distribution of PPV DNA. 


lengths present. (Magnification: X 34,000) 


Figure 22 


Histogram of PPV DNA Length Distribution 


168 PPV DNA molecules and 15 phage M13 DNA molecules 
were measured from photographic enlargements using a map 
tracer. The size and molecular weight of the PPV DNA 
molecules were estimated by comparison to the M13 DNA 
internal standard. The complete genome of PPV by this 


analysis is estimated to be 1.05 x 10® daitons. 


84 


$e sptitinn “ 


60 


Ww ~ 
jo) jo) 


of molecules 
ie) 
(eo) 


10 


Number 


0 
) 0.3 0.6 0.9 {age 5 1. biLeetal 2.4 


Length in um 


r 
b 
“fe 
= 
4 
’ 5 
dh iS 
7 a = hat t al : 
® ( 
A : 4 i) a i 
fh 2 
“ie, ‘ 
} ; 
f i] 
: H 
ad , 
J 
s 
, 7 - 
t 
"y 
a 
' 
t. 
Me ‘ ' 
1p 
| 
f ie | ; 
i rw ‘ is iG fe Oe 
i “1 tng ; “4 { abe P 
- i} 
} few ; 7 f bie ‘ a 
é | Tene Soe ao vs Sh SY Se eo Poe 
' : , rp eee : 
Cf § re | a eee. = + b. 
mu oe, 
: “ 
I i 
| 
ir a 
+ ¥ : at 


85 


comparison to the control molecules and calibration with the 
microscope magnification factor. Only 9 of the 168 molecules 
measured demonstrated the maximum size, assumed to be 
complete genome length (Figure 22). The most frequent ly 
occuring size class was 0.45 u or approximately 43% genome 
length. By comparison to the control molecule length, the 
complete PPV genome would appear to be 1.05 million daltons, 
somewhat short for the quoted range of 1.5-2.2 million 
daltons. As single-stranded parvoviral DNA does not spread 
as completely as double-stranded DNA (Singer and Rhode, 
1977a), even in the presence of formamide, it is believed 
that this deficiency is an artifactual result of using a 
double-stranded internal control. A suitable single-stranded 


internal control unfortunately was unavailable for use. 


S. Serological Survey 

The results of a serological survey conducted to 
evaluate the frequency of PPV infection in swine in Alberta 
as well as the reliability of the CIE test described above 
are presented in Table 5. 

One hundred serum samples collected from market age 
swine from four different abattoirs in the Edmonton-Red Deer 
area were supplied for analysis by federal veterinarians. As 
high titres were expected, sera were first examined by the 
macro-titre method in the range of 800 to 25600. Samples 
giving negative titres in this range were further examined 


in the range of 8-1024 by the micro-titre test. Upon arrival 
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Table 5 


A Serological Survey of Sera from Swine in Central Alberta 
: to Detect Antibodies to PPV 


HI] Cit 
Results No. ve No. A 
Positive 68/89 76 67/89 Was 
Negative 21/89 24 22/89 25 


Titre Range 1964 = 4242800 N/A 
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eleven samples were judged unsuitable for testing due to 
deterioration during shipping. Sixty-eight of eighty-nine 
samples (76%) demonstrated HI titres to PPV. Titres ranged 
from 1:64 to 1:12800 with 63 sera having titres of 1:800 or 
greater. These values fell in the midrange of findings for 
similar surveys done in several countries, as reviewed by 
Joo and Johnson (1976). 

The sera tested for HI antibodies to PPV were also 
examined by CIE as described in Materials and Methods. Apart 
from one sample giving a positive HI test and negative CIE 
test, all results correlated completely . Precipitin lines 
were generally visible after electrophoresis for 30 min 
without staining but electrophoresis was routinely continued 
for 1h and the plates were pressed, dried and stained to 
obtain maximum sensitivity. Unstained plates often appeared 
to demonstrate two closely spaced fine lines. Upon pressing 
and staining, however, only a single line was visible. An 
antigen preparation containing 4096 HA units per 0.05 mL 
gave the most plainly visible line, conveniently positioned 
midway between the wells. CIE using the uninfected control 
cell extract did not produce a precipitin line with any of 


the test sera. 
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IV. DISCUSSION 
The lack of conveniently suitable methods for the large 
scale growth, purification and objective quantitation of PPV 
has severely limited the complete characterization of this 
virus in comparison to other parvoviruses described to date. 
Similarly, the lack of reliable diagnostic reagents and the 
inavailability of standardized vaccines has impaired 
clinico-pathological studies into the relative significance 
of PPV in porcine reproductive failure and the value of 
biological prophylaxis. The various observations recorded 
throughout this study have been examined in an attempt to 
confirm the classification of PPV as a parvovirus and to 
elucidate some of its unique properties with respect to 
growth in cultured cells. 

The primary prerequisite to such a study was the 
procurement of a susceptible cell line. In addition to the 
successful identification of a suitable cell line for the 
propagation of PPV during the screening procedure, data was 
obtained which supported the strict host species specificity 
demonstrated by PPV in other studies (Mayr et al, 1968; 
Cartwright et al, 1969). The species specificity observed is 
in distinct contrast to characteristics of the KBSH virus 
strain (Hallauer et al, 1971) which could be readily 
recovered from several human cell lines as a presumed 
contaminant and similarly propagated in these cell lines. 
Furthermore, the lack of evidence to suggest parvovirus 


contamination in any of the cell lines examined during the 
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present study, despite their diverse geographical origins 
and high passage levels, supports the supposition by 
Hallauer et al (1971) that the high contamination level 
observed (27 of 41 cell strains) with the KBSH serotype was 
a localized phenomenon. It seems somewhat remiss that 
Hallauer et al did not report such simple procedures as the 
range of species erythrocytes agglutinated by KBSH, or the 
susceptibility of porcine cell lines to KBSH infection. 
Obviously, a more intensive examination of the relationship 
of PPV to KBSH is warranted before data obtained with KBSH 
virus are simply assumed for PPV, as has been done recently 
(Bachman et al, 1979). 

Previous studies with PPV have indicated that the 
production of a visible cytopathic effect with PPV infection 
of cultured cells was an irregular finding occuring only 
under “optimum conditions" (Joo and Johnson, 1976), although 
these optimum conditions were not defined. This study has 
investigated various parameters of the infection process to 
describe procedures that routinely result in readily 
detected cytopathic effect suitable for infectivity assays 
as well as routine virus production. 

Unquestionably, the most significant factor affecting 
thesproduction of CPE was the degree of confluence of the 
monolayer at the time of infection. Monolayers with no 
greater than 50% confluence and very even cell distribution, 
so as to produce minimal cell to cell contact, produced the 


most satisfactory results. Both specific and non-specific 
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parvoviral inhibitors have frequently been detected in calf 
serum (Siegl and Kronauer, 1980). Removal of such inhibitors 
by washing monolayers prior to infection was found to aid in 
the routine production of CPE. As parvoviruses in crude cell 
lysates have been shown to precipitate in the presence of 25 
mM calcium (Tattersall et al, 1976), the use of PBS 
containing calcium for this washing and for dilution of the 
Viral inoculum produced an added enhancing effect. The 
concentration of serum in the cell culture medium 
significantly altered cell growth and thus virus production. 
Higher serum levels, up to 10% (v/v), produced greater 
Quantities of virus, as well as a faster rate of production. 
The use of a serum pulse (i.e. sudden shift from low to high 
serum levels) 24 hours prior to infection seemed to 
stimulate the highest level of uniform cell division and 
virus production. For reasons of expediency as well as cost, 
a 5% serum level was routinely used and proved satisfactory. 
The addition of lactalbumin hydrolysate was not found to be 
necessary for successful repeated passage of these cells or 
to increase virus production. In contrast to the report of 
Joo and Johnson (1976), maximal viral production was evident 
at low level virus challenge (approximately 10-3 PFU/cell). 
Such a finding would be expected if the inoculum contained 
large quantities of defective interfering particles (Muller 
et al, 1978). 

The cytopathological alterations observed in this study 


at the light microscope level were typical of parvoviral 
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infection as described in detail by Leary and Storz (1980). 
The mature inclusions observed were almost exclusively of 
the Cowdry A type. Occasionally inclusions resembling the 
multifocal type produced by certain strains of bovine 
parvovirus (Leary and Storz, 1980) could be detected. 
Coverslip preparations examined at various times PI until 
the late stage of CPE repeatedly failed to give consistent 
evidence of significant alterations in cytoplasmic or 
intranuclear nucleic acid levels as judged by acridine 
orange staining.This was consistent with the findings of 
Cartwright et al (1969). 

It is peculiar that though parvoviruses such as PPV 
appear to have icosahedral symmetry, regular lattice 
aggregation in vivo, as described with other icosahedral 
viruses such as adenovirus and poliovirus (Joklik, 1980), 
does not occur. Parvovirus temperature-sensitive mutants 
have been shown to produce crystals intracellularly (Singer 
and Rhode, 1978), thereby suggesting a critical surface 
alteration occuring late in the normal infection cycle, or 
simply the lack of sufficient numbers of particles. 
Relatively few infected cells observed electron 
microscopically demonstrated evidence of progressive viral 
assembly, although the majority of infected cells contained 
intranuclear accumulations of dark-staining amorphous 
material. If, as discussed below, quantities of incomplete 
particles were present in the inoculum in excess of complete 


particles, the EM findings would suggest that such 
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incompletes could be infectious with or without the presence 
of complete particles. These incompletes might code for 
deficient polypeptides which cannot complete assembly and 
hence accumulate as amorphous aggregates. Similarly 
appearing masses of viral protein, as identified by 
immuno-electron microscopy, are found associated with H-1 
parvovirus infected cells in increasing quantities during 
the later stages of infection (Singer and Rhode, 1978). 
Information concerning the purification of PPV is 
extremely limited. Only two reports have been published 
describing attempts to purify PPV (Mayr et al, 1968; 
Morimoto et al, 1972b) since its original discovery in 1966 
(Mayr and Mahnel). Both methods relied solely on isopycnic 
banding in CsCl gradients to achieve purification and 
neither method assessed purity other than by electron 
microscopic observation. Various modifications of the wide 
range of procedures reported for other parvoviruses were 
evaluated through the course of this study to discover a 
technique that would produce a maximal band of virus in 
buoyant density gradients which would contain only the three 
typical parvovirus polypeptides as determined by SDS-PAGE 
analysis. Two procedures were adopted for routine use, one 
producing maximum quantity and the other producing maximum 
quality. The procedure described by Hallauer et al (1971) 
utilizing alkaline glycine buffer and freon extraction of 
infected cells was slightly modified by the addition of a 
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step gradient for the final step. Although maximal 
quantities of virus were recovery by this approach, as 
judged by electron microscopy, SDS-PAGE analysis indicated 
the presence of atypical polypeptides in quantities in 
excess of the apparent structural polypeptides. The modified 
Hallauer procedure would seem most suitable for recovery of 
virion DNA where further degradation of proteins was 
anticipated. In this study, the most highly purified virus 
was obtained by use of the procedure described by Tattersall] 
et al (1976), or the modification described by Bourgignon et 
al (1976) incorporating trypsin treatment of the cell 
lysate. The analysis of virus suspensions prepared in this 
study by the shortened Tattersall procedure indicated the 
presence of residual contaminating cellular DNA. The two 
final purification steps, namely treatment with micrococcal 
nuclease and subsequent sucrose sedimentation, would appear 
mandatory to obtain maximum purity. The greatest drawback of 
this purification scheme apart from its complexity, is the 
poor final yield of approximately 10% as reported by 
Tattersall et al and confirmed in this present study (Table 
4). The reasons for this poor yield were obvious from 
examination of the the procedure itself. The extremely mild 
method of initial cellular disruption effectively served to 
leave membranes and organelles intact, but was quite 
ineffective compared to sonication or detergent treatment in 
releasing intracellular virus. The subsequent pelleting of 


the virus had a drastic effect on virion stability 
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apparently affecting empty, immature and incompletely filled 
particles to the greatest extent. When such weakened 
particles are subjected to the massive gravitational force 
and high osmotic pressure used in CsCl isopycnic 
centrifugation, it must be expected that considerable loss 
Ofvinfectivilty#cantoccur'’: 

Following centrifugation of the parvovirus MVM in an 
unique CsCl-sucrose step gradient, Tattersall et al 
described the presence of only two discrete bands - an upper 
band containing empty capsids and a lower band containing 
full particles. The lower band found in the present study 
would seem to correspond to Tattersall et al’s two bands. 
The presence of predominantly incomplete particles in the 
PPV preparations, with sedimentation rates and buoyant 
densities between those of complete and empty virions, could 
account for the lack of resolution of this lower band into 
two distinct bands. The intermediate band, as judged by 
electron microscopy, HA titration and SDS-PAGE, consisted of 
a relatively small quantity of virus firmly adhered to 
cellular proteins, resulting in a slower sedimentation rate 
and lower buoyant density and a higher position in the 
gradient than pure virus. These lighter buoyant density 
particles most likely were in the process of assembly at the 
time of virus harvest and were complexed with cellular 
nucleoprotein and the enzymes involved in virion DNA 
packaging. As Tattersall et al described only the direct 


collection of the visible bands from CsCl-sucrose step 
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gradients, and not a fractional assay for HA activity, the 
Significance of the upper band of soluble material was 
ignored in their study. 

The statement by Tattersall et al (1976) that the 
“virus was sedimented to equilibrium" after 
ultracentrifugation in the CsCl-sucrose gradient must be 
challenged. Assessment of the buoyant density profile of 
such gradients by optical refractometric methods in fact 
indicate that a static buoyant density profile was not 
achieved. As multiple attempts to reproduce visible viral 
bands from the initial gradients in isopycnic CsCl, 
consistently failed, it would seem that an aggregation 
phenomenon occurred during passage of virions through the 
sucrose layer and was involved with the formation of this 
visible band. 

Adequate methods of assessing the infectivity levels of 
PPV suspensions have not previously been described. 
Virtually all optimized parvoviral production systems make 
use of the plaque assay for infectivity titration due to its 
ease of reproducibility and distinct endpoint (Tattersall, 
1972; Siegl and Kronauer, 1980). Attempts to interpret the 
results of experimental infection studies without adequate 
objective evaluation of infectivity levels, as have been 
reported previously (Johnson and Collings, 1969; Johnson and 
Commndse 197 17mCartwright tethalyi971;ehogg etcalii1977) are 
obviously quite futile and the wide variation in results 


reported are certainly to be expected. Furthermore, none of 
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the attempted experimental infections made use of purified 
virus and no attempt was made to assess the proportion of 
non-infectious antigen (i.e. soluble virion components and 
incomplete particles) present in the inoculum. The extremely 
subjective nature of the inclusion body, fluorescent focus 
or poorly designed TCID50 assays make infectivity titration 
by such procedures very unreliable. The extreme dependence 
of parvoviruses on cellular functions expressed only 
transiently during the cell cycle makes quantitation of 
infected cells in fluid medium highly unreliable unless 
strict conditions of cell synchrony and processing times are 
used. Such conditions are unsatisfactory for routine use. 
The wide variation in the ratio of HA: infectivity noted 
between extracellular tissue culture fluid and lysates of 
infected cells clearly indicates that estimation of 
infectivity by simple HA titration is unjustified. 
Examination of the growth curve of PPV in the ST cell 
line (Figure 10) revealed that the period of maximum 
increase in infectious virus ends at 36 h PI, long before 
CPE was visible (72 hours PI). 36 h PI would, then, be the 
ideal time to harvest virus for maximum levels of complete 
virions. During the period 36-48 hours PI, viral 
hemagglutinin continued to be produced at a logarithmically 
increasing rate, while the rate of infectivity production 
tapered off. This observation indicated an accumulation of 
soluble viral components which were not being effectively 


incorporated into virions and/or the production of defective 


= 


hettiwq to oe eben sociv otal 


bts einemognes neraiv’ ‘eteutee an Gag! poe 2 
viemesatee srit mul upon’ sy ve ineaeg (ee(o? txeq 


sig cant? prifassoo%q bone. yne nile We flap to eno? ft eydoo: totade 


evi Masitab: to ict tAphoNG "ort mehkinm anotety otah'| 
Te Gere iD sp cen ns ea, : . f 


7 : ae os r 
rd '. ta i> 
' rc 
" #, — Fs P rs y 
Pi : f a) A 7 
‘ be Sot 
i i F ‘ am f ae ; aa ‘oa 7 
’ 7 f ie. hi ; ! 
a ee | 4 etree as eet” My te ee, O 


> noftibeede otf avenae OF i a: 


; du es 
oor jnsnee TOW 7 ) bor pote lorh eft, we eulSn ee - 


TL ae ee a ALLS SP qin evERee: gag! beriphast: ytie o : 
fs 


ei 
75 
7 


ye - 
sonebneash) ena7i 1S ects efdetiasew Pe 2puihano ig rt 2 
| 4 te 

vine haasetdis SHOT } SALLY (shatters he asaunt VIS 


4e noiisitingun senent shy, Lisa aft, gente a) 
jautiie sidaifowu yiteha marie rprslt ab af igo botostat 


te 


 aeuentiens 40% 008 oetatiaeny 375 snot tbnog Aout oe 
“bston -wrivitoeten: AW Te other Siler © Ctemevebtwiedt iy 
+ setae bis Giut'? siugtud avepid wholtheasiise hoon 
| ; +o aorzemtise Ten setuntint vl 4nalo etter beats: : i 


poktttedtrid: dt ag arth Ad eictiteed via 


_ 


? 


\ , iw , AY 9 
‘|/eo 72 ang mF Fa Fe Iw ATWO ong +e not i atanex a ae 7 


= 


muntAem > Botasg ali. head al sive 0 aragi th sant 


nad 4 
~~ 


-gieted: pool 41 F5 teletne aunty auotisetal nies 
otf ad neat, ete io 4 RE Ae setuorh a) efdiatv 4 


ri 


‘ofet cates ® aleged hibit 5m AQ? “Surin Saavene of. wit: 


io 


; ‘ad saty 4 srw ahegis fer rg ony ont wet 4 

bok 52 reweid'i reget n Hs beoubory edo hewat tines obits 
_ re oui ght etn: + eth and of thw S167 a] 
te: ced adi nB bexegabnt TER Inase, etdt a, | 


1 


"gt av hitod ta, gia ton arew Ao thy: encase” a 


ie i 


oF 


virions that were incapable of causing productive infection. 
As cell cultures were routinely harvested 3-5 d PI when CPE 
was evident, preparations in this study contained 
considerable quantities of such products. Attempts to 
harvest cultures at earlier times PI resulted in an 
unacceptable reduction in the total virus recovered. In the 
study performed by Tattersall et al (1976), cultures were 
routinely harvested at the earlier stage and the resulting 
preparations contained almost exclusively complete and empty 
virions. Tattersall et al (1976) effectively circumvented 
the problem of low yield by routinely radiolabelling virus 
and by using spinner cultures of suitable cells which 
allowed large quantities of cells to be easily managed. It 
would appear that the soluble components and incomplete 
particles accumulate late in the infectious cycle when cells 
are quite acidotic and toxic. 

Hemagglutinating activity is an invariable property of 
all parvoviruses (Bachman et al, 1979). Hemagglutination by 
porcine parvovirus is a simple means to differentiate PPV 
from enteroviruses which are only slightly larger but less 
consistently hemagglutinate (Douglas, 1977). It is of 
interest to note that no parvovirus described to date 
agglutinates erythrocytes of the homologous host species. 
Such a property would prevent hematogenous spread of virus 
as adherence to enucleated erythrocytes, which are by far 
the predominant cell type in peripheral blood, could only 


result in aborted infection. The presence of receptors for 
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parvoviral hemagglutinin on erythrocytes from a particular 
species would seem to be mutually exclusive with the 
presence of receptors on nucleated cells of that same 
species which allow viral penetration and subsequent 
infection. PPV has been shown to strongly agglutinate human 
erythrocytes (Cartwright et al, 1969) and thus would not be 
expected to infect human cell lines as Hallauer et al (1971) 
have suggested. 

The use of immunoelectrophoretic techniques to identify 
the location of parvoviral antigen in gradients has been 
used infrequently. Presumably this is due to the relatively 
large quantity of protein required for such procedures 
compared to the use of radiolabelling or simple HA 
screening. Bloom et al (1980) have recently reported the 
successful use of CIE to identify parvoviral antigen in 
fractions collected from CsCl isopycnic gradients containing 
virus purified by the Tattersall procedure, in a very 
similar manner to the rocket immunoelectophoresis analysis 
used in this study.’ Bloom et al (1980) also found an 
isolated peak, which similarly coincided with maximum HA 
activity, occurring in the high buoyant density range of 
1.42-1.44 gm/mL, suggesting that heavy full virions are the 
least stable. However, Bloom et al (1980) also reported 
antigen containing fractions at the lowest buoyant density 
ranges of their gradient. As Bloom et al (1980) ran their 
gradients for a longer period, this may have resulted from 


the movement of lysed capsids to the buoyant density of 
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isolated protein (i.e. 1.28 gm/mL) or the breakdown of 
Slightly more stable incomplete virions found at this lower 
buoyant density. As CIE, unlike rocket immuno- 
electrophoresis, is not quantitative it could not be 
determined from the report by Bloom et al (1980) if maximum 
quantities of antigen were detected at the high buoyant 
density peak as in the present study, or at the low buoyant 
density region. 

Two-dimensional immunoelectrophoresis (2D) is a widely 
applicable technique to identify and analyze mixtures of 
antigens (Axelsen et al, 1973). An attempt was made in this 
study to analyze the band of material found at the top of 
CsCl-sucrose step gradients following centrifugation. The 
fact that this material showed relatively high HA titres, 
despite the lack of any significant number of virions as 
judged by electron microscopy, had a buoyant density and/or 
sedimentation rate suggestive of protein or lipoprotein, and 
gave positive CIE tests suggested that it might be composed 
largely of PPV soluble components. The precipitation profile 
produced by 2D analysis suggests that the fractions 
contained two antigens slightly differing in electrophoretic 
mobility but sharing an antigenic determinant. The fuzzy 
nature of the profile and the aggregation at the edge of the 
well would suggest residual lipids present in the antigen 
pool (L. Tsang, personal communication). As the electron 
micrographs would indicate that this material originates 


from the amorphous band lining the internal edge of the 


r i _ oh 
j 
pe a= ’ “ 
. 


= 


¥ 
a 
é 


40 rwokaes 2 aft “0 (sit 
neue ahvtt: PA Ort ancien 2 ata | “ 
“cporenpany thiiodd own ARO ah wht 7 tn 

ed Jon blucs ih sy) ‘ot Pani iors al jars aria” 
munteom +7. O8@T) Ts te mookd ‘ect J nen ort? neat 290 hicks 


+*neyvoud rig lA ett ts belosies laa fsptine 10 eottt: 


or 


: : - eT) 
Trevoud..wat eid Js TO yhuta trees aq wrt} mi 36 Aseq y¥ ade 


if 


FONTS 7 notgerxttaneb 
ylee wiser (Os) 2 fese0 rigod os! sgn uent fanotanea b-owt 7 


a7 


46 eoiutsin ssyl ans. HRs NTT Iebt 07 eupr ined el deot faqs 


is 


ata? mi «beam enw rae fs mu AGNEE ts sh (ae Led <3 


40 yer ea) tebe? hefastom ie oned ot! oxyl ene ot aes 7 


i _ 
f 


si? .Aditseputi than garnet ainaibeab gets ecoroue-f989 |” 


Yiavijeley bow ofa i ehtelam aint? dedd oot c 


es arora’ te chor insD tingt 2 une =o con “orit. stiqeeb a 


™~ 


i 7 il ( F 5 : fe 
1o\viNSs yl taneb unsydtd 5.58 <yo8se07s' @ fosiaere va bogs © : 
brie  ntetoraedt| sa or afor1g’ 7a r fe aaQner we a fhoried niOSe ae 
i LS 


bSeq ne > 9d tape t+ fed? be tesot im SIeo7, 319 ev¥iteoq) 
Sf f7901g. fer sa aia A 1a, ;2T nse ee ‘Sige oe ¥44 to yl a 
. ; . A, 


wD 


axe i fal my sit? Lane, a raed ai bay! apne aS ya b 

ob isaac orig eat ‘et seTttb vis 1a anagr ans sspears 
ASUT BAT ‘ triscitin vet ab arrest tne" ne: orthsera: sad sit “bdo 

ont to a0 bie “ayit 16..00! Tae ieon eid bits a) RID ond does ; 


‘nesting sidit fal fuse Te Pabrathe teubtess: saomnee i fae 
; 
oe: 


Ty fos 


.* 


ETE BAT BA tie ae Hshorisg 4 i 


dst srrbpkay raf pata, 23 ait etaathint ai 
vauit. ip ode pres ‘erty Renbeinimeee a 


; a in F 
i i F f i 


» 
"» 
es 


“) 


ime poe a era eee 


100 


nuclear membrane of infected cells, tightly adherent 
membranous lipids would be expected in such pools. Repeated 
freon treatment apparently removed the comp lete 
antigen-lipid complex instead of simply extracting the lipid 
as was hoped. It is possible that clearer profiles could be 
obtained with this antigen pool following a more intensive 
investigation of suitable detergent treatment to emulsify 
the lipids. Only one attempt was made to use this approach 
to enhance results, but prolonged treatment apparently 
destroyed the antigenicity of the proteins. 

Limited use has been made of ultraviolet absorption 
spectra to analyze the purity of parvoviral preparations. 
The application of this procedure relies upon the premise 
that nucleic acid preferentially absorbs light at 260 nm 
wavelength and protein at 280 nm. Thus any homogeneous 
purified virus species should demonstrate a characteristic 
E260/E280 ratio, presuming that there is a constant ratio of 
nucleic acid to protein. The presence of defective 
particles, containing less than a complete genome, would 
obviously impair such an analysis. The only E260/E280 ratio 
published for a parvovirus is 1.38 for MVM (Tattersall et 
al, 1976). Whether the difference between that value and the 
one determined in this study (1.45) is due to species 
variation or minor contamination of the PPV preparation by 
residual nucleic acid is speculative. However, as residual 
nucleic acids were removed from the MVM preparation by 


enzyme treatment and sucrose sedimentation prior to UV 
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spectrum analysis, the latter explanation appears more 
likely. 

Sucrose sedimentation has been reported to be an 
effective means of separating empty and full virions, which 
demonstrate widely differing sedimentation rates (Tattersal] 
Ciedirm /OveaRi Chandsmetral= 1977. easiwelivas complete from 
incomplete particles, which show more similar sedimentation 
rates but exhibit two discrete peaks (Muller et al, 1978). 
The results of the sucrose sedimentation performed in the 
present study were very similar to the sedimentation profile 
produced by Muller et al and would suggest the presence of a 
broad range of incomplete particles. 

Alkaline sucrose sedimentaion proved to be the 
preferable method for isolation of virion DNA, as has been 
found in various other studies (Bourgignon et al,1976; Faust 
and Ward, 1979). The sedimentation profile obtained for PPV 
DNA showed a single major peak, as described in the other 
studies. However, the peak observed was considerably 
broader, despite the use of the same conditions of 
sedimentation. Once again, this would suggest the presence 
of particles with less than a full complement of DNA. This 
main peak was preceded by a minor peak presumed to be 
residual cellular DNA. The minor peak was not observed in 
the earlier parvoviral studies (Bourgignon et al, 1976) 
which employed digestion of this material with micrococcal 
nuclease prior to virion lysis. 


The only purification technique producing virus 
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containing only the three characteristic parvoviral 
polypeptides (Tattersall, 1978a) was that of Tattersall et 
al (1976), despite the fact that various techniques produced 
virus showing a high degree of purity on electron 
microscopic examination. The SDS-PAGE technique readily 
differentiated between the B and C polypeptides even though 
the polypeptides differ in apparent molecular weight by only 
54. Although trypsin treatment causes conversion of the B 
polypeptide to a polypeptide that co-migrates with the C 
polypeptide, as was shown in the present study by 
considerable increase in the quantity of C present when 
trypsin was used during purification, it has yet to be 
determined if this occurs in vivo. The presence in less 
effectively purified preparations of a polypeptide of 
molecular weight 55,000 corresponds to results found with 
several other parvoviruses (Tattersall, 1978). The presence 
of this polypeptide has been shown to vary with the host 
cell line (Tattersall et al, 1976). In the present study 
such a polypeptide was found in virus propagated in PPK 
cells purified by freon extraction and CsCl equilibrium 
centrifugation, but not to any significant extent in virus 
grown in ST cells and purified by the Tattersall procedure. 
Similarly, a polypeptide that would appear to correspond to 
the 72,500 dalton species in the present study has also been 
resolved on PAGE when a less efficient purification than the 
Tattersall procedure is used (Bates et al, 1978). This 


polypeptide is thought to be a cellular DNA polymerase 
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(Tattersall, 1978a). 


Numerous techniques have been employed to verify the 
single-stranded nature of parvoviral nucleic acid such as 
invariance of its sedimentation characteristics in both 
neutral and alkaline sucrose as well as cleavage by 
single-strand specific nucleases (Berns and Hauswirth, 
1978). In’the present study the single-stranded nature was 
confirmed by three techniques. Electron microscopic 
comparison of PPV DNA to a readily distinguishable circular 
double-stranded phage DNA, although a somewhat variable and 
subjective evaluation, indicated a single-stranded 
appearance. A more objective assessment was obtained from 
the results of the thermal denaturation experiment which 
confirmed the expected single-stranded configuration. The 
most conclusive evidence, however, was the distinct 
differential staining properties of isolated PPV DNA on 
agarose gel electrophoresis, when compared to a 
double-stranded control. Furthermore, the consistent 
appearance of PPV nucleic acid on such gels both before and 
after attempted degradation by ribonuclease, confirmed that 
PPV contains a DNA genome. Unfortunately, due to a lack of 
more appropriate controls, an exact evaluation of the size 
of the complete PPV genome was not possible. The results of 
both the electron microscopic study and agar gel 
electrophoresis would suggest that this figure lies in the 
range of 1.05-1.7 million daltons, which overlaps the 


currently recognized range for the genus Parvovirus 1.5-2.2 
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million daltons (Bachman et al, 1979). 

The great range of DNA lengths observed by electron 
microscopy makes the characteristics of populations of PPV 
virions isolated throughout this study easily explainable. 
Virtually all parvoviral DNA preparations exhibit this 
heterogeneous nature when assessed electron microscopically 
(Singer and Rhode, 1977a; Shahrabadi et al, 1977) although 
analysis of these same preparations by gel electrophoresis 
or sucrose sedimentation deceptively suggests a more 
homogeneous nature (Faust and Ward, 1979). Parvoviral 
culture systems optimized for production of complete 
particles on occassion demonstrate as many as BOaeinconm late 
genomes (Bourgignon et al, 1976). However, levels of 
defective particles as high as were observed in the present 
study (94%) have not been previously reported. The reason 
for such high levels of incomplete particles would seem most 
likely to be associated with the practice of multiple 
undiluted passage used earlier in the study to produce the 
stock virus inoculum, harvesting virus at a late stage in 
the infectious cycle and the nature of the host cell system 
Wohlers etal, 31973)". 

The structural nature of parvoviruses has yet to be 
clearly defined, although it is believed that they belong to 
the T=3 class of viruses and probably possess a total of 32 
Ccapsomers comprised of 20 hexons and 12 pentons (Joklik, 
1980). The exact distribution of the Known structural 


polypeptides within the virion similarly remains to be 
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clearly elucidated. Salzman and Koczot (1978) have isolated 
nucleoprotein cores of the parvovirus KRV by alkaline 
sucrose sedimentation at pH 10 which demonstrated only the 
high molecular weight or A polypeptide. Tattersall (1978a) 
has proposed that as considerable evidence has accumulated 
to suggest that the B polypeptide is converted 
post-translationally to the C polypeptide following DNA 
packaging, these two polypeptides are presumably found on 
the surface of the virion. Although little information 
concerning capsomer structure was apparent from the present 
study, numerous micrographs indicated dissociation of 
particles into inner core structures and outer shells. These 
inner cores would be expected to consist of the DNA genome 
surrounded by a thin protein layer and thus have a higher 
buoyant density than complete virions. Cores of a similar 
size and exhibiting a high buoyant density in CsCl have 
previously been described in PPV preparations without any 
explanation (Mayr et al, 1967). As a detailed theory of 
parvovirus assembly has yet to be proposed, it is not 
certain whether these core structures have any relevance in 
vivo or occur simply as artifacts following harsh treatment 
of unstable virions. 

The results of the serological survey for antibodies to 
PPV demonstrate that PPV infection is very common in central 
Alberta. The HI tests did not consistently produce distinct 
endpoints and variations in titres were noticed when tests 


were repeated, although results were consistently either 
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positive or negative. The test as described by Joo et al 
(1976b) is tedious, time consuming and prone to dilutional 
errors when large numbers of sera must be processed by hand. 
The excellent correlation of the HI and CIE results, suggest 
that CIE could be readily applied to provide quick, clearcut 
evidence of previous PPV infection in clinical diagnostic 
laboratories. The simplicity of the procedure, combined with 
the minimal requirement for glassware, reagents and 
technician’s time would make it relatively inexpensive and 
applicable to widescale or frequent testing, such as is 
necessary at artificial insemination stations and in 
gnotobiotic herds. 

On the basis of information accumulated in this study, 
it can be concluded that PPV possesses a DNA and protein 
content consistent with its classification in the genus 
Parvovirus. The swine testicle cell line used in this study 
for the propagation of PPV demonstrates properties adequate 
for uncomplicated production of utilizable quantities of 
this virus for further characterization studies, the 
production of diagnostic antigens and possibly commercial 
vaccines as well. 

It has been shown in this study that PPV can be 
purified and quantitated using procedures that are rapidly 
becoming standard in parvoviral study. The application of 
the methods and results in this study will allow more 
reliable data to be obtained concerning the nature and 


control of porcine parvoviral infection. 
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